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FOREWORD	  
The	  CGIAR	  Research	  Program	  (CRP)	  on	  Dryland	  Cereals	  presented	  in	  this	  document	  is	  designed	  to	  
achieve	  sustainable,	  farm-­‐level	  productivity	  increases	  of	  the	  major	  dryland	  cereal	  crops	  now	  grown	  
in	  some	  of	  the	  world’s	  harshest	  environments.	  More	  than	  a	  billion	  of	  the	  Earth’s	  poorest	  inhabitants	  
live	  in	  these	  areas,	  and	  they	  have	  very	  few	  livelihood	  alternatives	  to	  growing	  dryland	  crops	  (often	  in	  
crop-­‐livestock	  systems).	  While	  considerable	  progress	  has	  been	  made	  over	  the	  past	  four	  decades	  to	  
meet	  smallholder	  farmer	  needs	  for	  more	  robust	  dryland	  crop	  varieties,	  much	  more	  can	  and	  must	  be	  
done	  to	  reduce	  rural	  poverty,	  ensure	  food	  security	  and	  enhance	  environmental	  sustainability	  in	  
dryland	  areas.	  This	  CRP	  comprises	  a	  unique	  international	  effort	  to	  combine	  the	  experience	  and	  
resources	  of	  two	  CGIAR	  Centers	  with	  those	  of	  France,	  India,	  Iran,	  the	  USA	  and	  many	  other	  partners	  
to	  better	  coordinate	  and	  expedite	  research-­‐for-­‐development	  (R4D)	  initiatives	  related	  to	  four	  key	  
dryland	  cereal	  crops	  –	  barley,	  finger	  millet,	  pearl	  millet	  and	  sorghum	  –	  which	  are	  now	  grown	  on	  well	  
over	  100	  million	  hectares	  across	  Africa,	  Asia	  and	  the	  Americas.	  	  
Our	  overriding	  goal	  is	  to	  achieve	  farm-­‐level	  impacts,	  primarily	  through	  higher	  and	  more	  stable	  
dryland	  crop	  productivity	  on	  smallholder	  farms	  in	  Africa	  and	  Asia	  that	  will	  increase	  incomes	  and	  
reduce	  rural	  poverty,	  increase	  food	  security,	  improve	  nutrition,	  and	  help	  reduce	  adverse	  
environmental	  impacts	  (especially	  in	  dryland	  crop-­‐livestock	  systems).	  Our	  R4D	  efforts	  and	  outputs	  
will	  be	  demand	  driven,	  synergistic,	  and	  will	  feature	  two-­‐way	  linkages	  to	  the	  work	  being	  done	  in	  
other	  key	  CRPs	  –	  Dryland	  Systems;	  Policies,	  Institutions	  and	  Markets;	  WHEAT;	  MAIZE;	  Rice	  (GRiSP);	  
Grain	  Legumes;	  Livestock	  and	  Fish;	  Agriculture	  for	  Nutrition	  and	  Health	  (A4NH);	  Water,	  Land	  and	  
Ecosystems	  (WLE);	  and	  Climate	  Change,	  Agriculture	  and	  Food	  Security	  (CCAFS);	  as	  well	  as	  other	  
major	  donor-­‐funded	  initiatives.	  	  
The	  comparative	  advantages	  of	  the	  partners	  involved	  in	  this	  CRP	  will	  be	  a	  driving	  force	  in	  this	  
initiative,	  as	  will	  a	  demonstrated	  commitment	  to	  a	  shared	  vision	  of	  success,	  achievement	  of	  the	  
Program’s	  strategic	  objectives,	  and	  a	  willingness	  to	  work	  in	  new,	  more	  progressive	  and	  ground-­‐
breaking	  ways.	  In	  particular,	  we	  know	  that	  this	  initiative	  will	  require	  not	  only	  greater	  innovation	  and	  
investment,	  but	  also	  new	  approaches	  that	  foster	  improved	  cooperation	  and	  coordination	  regardless	  
of	  institutional	  affiliation.	  We	  see	  the	  CRP	  framework	  as	  a	  means	  to	  that	  end,	  and	  as	  a	  way	  to	  
capitalize	  on	  potential	  synergies	  and	  realize	  new	  efficiencies	  in	  R4D	  on	  behalf	  of	  the	  poor.	  
We	  believe	  that	  the	  success	  of	  Dryland	  Cereals	  will	  dramatically	  improve	  the	  livelihoods,	  food	  
security,	  nutrition,	  and	  health	  status	  of	  millions	  of	  our	  fellow	  citizens.	  For	  us,	  failure	  is	  not	  an	  option.	  
We	  hereby	  commit	  ourselves,	  and	  our	  institutions,	  to	  the	  collective	  actions	  and	  investments	  
required	  to	  achieve	  a	  better,	  more	  prosperous	  and	  food-­‐secure	  future	  for	  millions	  of	  people	  living	  in	  
dryland	  areas	  –	  people	  who	  struggle	  daily	  simply	  to	  survive	  under	  unforgiving	  agricultural	  
conditions.	  
William	  Dar,	  Director	  General,	  ICRISAT	  
Mahmoud	  Solh,	  Director	  General,	  ICARDA	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EXECUTIVE	  SUMMARY	  
This	  document	  is	  a	  proposal	  to	  establish	  a	  CGIAR	  Research	  Program	  on	  Dryland	  Cereals	  (Dryland	  
Cereals)	  focused	  on	  improving	  the	  productivity	  of	  key	  cereal	  crops	  namely	  barley,	  finger	  millet,	  pearl	  
millet	  and	  sorghum	  targeted	  primarily	  to	  Low-­‐Income,	  Food-­‐Deficit	  Countries	  (LIFDC)	  in	  sub-­‐Saharan	  
Africa	  and	  South	  Asia	  –	  but	  with	  significant	  spillover	  potential	  to	  other	  dryland	  cereal	  production	  
ecologies	  globally.	  
The	  targeted	  regions	  are	  home	  to	  the	  ‘poorest	  of	  the	  poor’	  living	  in	  rural	  and	  marginal,	  often	  harsh	  
environments	  characterized	  by	  high	  temperatures,	  low	  unreliable	  rainfall,	  poor	  soil	  fertility	  and	  
limited	  market	  opportunities.	  Smallholder	  agricultural	  systems	  are	  based	  mainly	  on	  dryland	  cereals	  
highly	  linked	  to	  livestock	  enterprises	  where	  almost	  the	  entire	  crop	  production	  is	  consumed	  for	  
subsistence	  as	  family	  food	  and	  animal	  feed/fodder.	  According	  to	  IFPRI	  models,	  demand	  for	  cereals	  in	  
the	  target	  regions	  is	  forecast	  to	  increase	  by	  about	  40%	  by	  2020	  (over	  the	  2000	  baseline),	  driven	  
mainly	  by	  population	  growth,	  but	  also	  by	  regional	  dynamics	  such	  as	  the	  growing	  demand	  for	  
livestock	  feed/fodder,	  adverse	  effects	  of	  climate	  change,	  and	  trends	  toward	  urbanization	  of	  the	  
population.	  
This	  overall	  context	  presents	  a	  prime	  case	  for	  the	  establishment	  of	  a	  CRP	  to	  bring	  together	  a	  critical	  
mass	  of	  international	  resources	  and	  expertise	  focused	  on	  geography	  by	  crop	  portfolio	  that	  would	  
otherwise	  continue	  to	  suffer	  from	  neglect	  and	  inadequacy	  of	  existing	  in-­‐country	  resources,	  and	  from	  
the	  inefficiency	  of	  uncoordinated,	  fragmented	  efforts	  of	  individual	  external	  agencies.	  The	  
characterization	  of	  the	  ‘neglected	  crops	  in	  the	  poorest	  regions’	  presents	  an	  exemplary	  model	  for	  the	  
establishment	  of	  a	  CRP	  to:	  
 Achieve	  a	  critical	  mass	  of	  expertise	  and	  resources	  focused	  on	  otherwise	  neglected	  crops	  and	  
areas,	  and	  to	  provide	  a	  unified	  channel	  for	  individually	  inadequate	  and	  fragmented	  efforts;	  
 Utilize	  the	  comparative	  advantage	  of	  the	  Centers,	  and	  other	  partner	  agencies,	  particularly	  in	  
high-­‐tech	  areas	  of	  genomics,	  phenomics	  and	  bioinformatics	  applied	  via	  modern	  breeding	  
methods,	  including	  heterosis;	  and	  	  
 Use	  the	  presence	  and	  prestige	  of	  an	  explicit	  international	  program	  to	  lift	  the	  in-­‐country	  
profile	  of	  inadequately	  resourced	  poor	  man’s	  crops	  –	  supporting	  internal	  infrastructure	  and	  
human	  capacity	  development	  that	  will	  be	  necessary	  for	  lasting	  implementation.	  
For	  reasons	  of	  resource	  allocation	  efficiency,	  Dryland	  Cereals	  will	  initially	  tightly	  focus	  its	  primary	  
efforts	  in	  key	  areas	  of	  Africa	  and	  Asia	  using	  existing	  CGIAR	  Center	  and	  partner	  research	  facilities.	  
However,	  it	  is	  reasonably	  expected	  that	  the	  mid-­‐	  to	  long-­‐term	  research	  outcomes,	  particularly	  from	  
modern	  breeding	  methods,	  will	  have	  wider	  spillover	  application	  in	  surrounding	  regions.	  	  
The	  target	  areas	  have	  a	  population	  of	  over	  1.5	  billion	  of	  whom	  about	  half	  are	  subsisting	  on	  less	  than	  
USD	  1.25	  per	  day.	  Proposed	  crop	  improvement	  products	  and	  associated	  technologies	  are	  expected	  
to	  apply	  to	  over	  11.8	  million	  hectares	  in	  Africa	  and	  Asia	  directly	  benefiting	  5.8	  million	  smallholder	  
households	  with	  a	  total	  of	  34	  million	  beneficiaries	  (including	  value	  chain	  operators)	  –	  via	  improved	  
food	  security	  and	  nutrition,	  but	  also	  importantly	  via	  opportunities	  to	  increase	  cash	  income	  by	  way	  of	  
off-­‐farm	  sale	  of	  food,	  feed	  and	  fodder	  to	  meet	  the	  demands	  of	  the	  increasing	  urbanized	  population.	  	  
Proposed	  farm-­‐level	  crop	  improvement	  targets	  will	  not	  only	  address	  existing	  requirements	  for	  
traditional	  food	  quantity	  and	  nutritional	  quality,	  but	  also	  take	  on	  a	  wider	  range	  of	  crop	  
developments	  to	  address	  the	  emerging	  opportunities	  for	  animal	  feed	  and	  fodder	  and	  for	  diversified	  
new	  products	  demanded	  by	  the	  emergent	  urban	  population.	  
In	  this	  context	  the	  proposed	  crop	  focus	  represents	  a	  balanced	  portfolio	  encompassing	  millets	  which	  
are	  a	  mainstay	  traditional	  food,	  but	  with	  relatively	  low	  technical	  development;	  sorghum,	  also	  a	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traditional	  food	  and	  fodder,	  with	  moderate	  technical	  development;	  and	  barley	  with	  strong	  
international	  technical	  development	  and	  potential	  upside	  as	  a	  cash	  food,	  feed	  and	  malt	  crop.	  
Performance	  of	  existing	  crops	  in	  the	  target	  regions	  may	  be	  regarded	  as	  at	  least	  ‘hardy’	  in	  the	  harsh	  
conditions	  –	  empirically	  selected	  over	  centuries,	  but	  possibly	  within	  a	  limited	  germplasm	  pool.	  The	  
resources	  of	  the	  CRP	  will	  diversify	  the	  available	  germplasm	  pool	  and	  bring	  to	  bear	  the	  latest	  
breeding	  methods	  involving	  the	  use	  of	  genomics	  and	  phenomics,	  drawing	  on	  related	  international	  
developments	  already	  existing	  from	  partner	  programs	  particularly	  in	  sorghum	  and	  barley.	  
The	  development	  and	  implementation	  of	  the	  CRP	  will	  be	  led	  by	  ICRISAT,	  working	  in	  partnership	  with	  
ICARDA	  in	  a	  global	  alliance	  including	  key	  participants	  in	  the	  CGIAR’s	  Generation	  Challenge	  Program	  
(GCP)	  –	  the	  Indian	  Council	  of	  Agricultural	  Research	  (ICAR);	  the	  Iranian	  Agricultural	  Research,	  
Education	  and	  Extension	  Organization	  (AREEO);	  L’institut	  de	  recherché	  agronomique	  pour	  le	  
developpement	  (IRD)	  and	  the	  Centre	  de	  Coopération	  Internationale	  en	  Recherche	  Agronomique	  
pour	  le	  Développement	  (CIRAD)	  in	  France;	  the	  USAID-­‐supported	  dryland	  cereals	  Collaborative	  
Research	  Support	  Program	  (currently	  INTSORMIL);	  and	  more	  than	  70	  other	  agricultural	  research	  and	  
extension	  programs	  in	  Africa	  and	  Asia;	  15	  advanced	  research	  institutes	  (ARIs);	  20	  non-­‐governmental	  
organizations	  (NGOs),	  civil	  society	  organizations	  (CSOs)	  and	  Farmer	  Organizations;	  and	  30	  private	  
sector	  companies.	  
The	  formation	  of	  Dryland	  Cereals	  will	  draw	  on	  existing	  (but	  currently	  fragmented)	  resources	  and	  
expertise	  of	  partners	  both	  in	  basic	  research	  and	  in	  research	  for	  development	  (for	  crop/livestock	  
systems,	  value	  chain	  and	  local	  macro-­‐	  and	  micro-­‐economics);	  and	  provide	  a	  unified	  focus	  and	  
coordinated	  channel	  for	  research	  and	  in-­‐region	  development	  –	  importantly	  gaining	  efficiencies	  both	  
in	  front-­‐end	  research	  and	  in	  back-­‐end	  application.	  The	  Centers,	  ICRISAT	  and	  ICARDA,	  will	  utilize	  their	  
comparative	  advantage	  both	  in	  gaining	  access	  to	  diverse	  but	  scattered	  international	  research,	  and	  in	  
providing	  a	  unified	  channel	  for	  application	  where	  weak	  in-­‐region	  infrastructure	  would	  otherwise	  risk	  
being	  overwhelmed	  by	  piecemeal	  individual	  programs.	  
The	  CRP	  is	  structured	  around	  the	  development	  and	  delivery	  of	  seven	  innovative	  ‘game	  changing’	  
Product	  Lines.	  Each	  Product	  Line	  has	  been	  developed	  based	  on	  a	  critical	  analysis	  of	  the	  major	  
constraints	  in	  the	  targeted	  regions,	  including	  the	  specific	  needs	  of	  subsistence	  and	  market-­‐oriented	  
farmers	  growing	  the	  crop.	  While	  each	  Product	  Line	  is	  centered	  on	  the	  strengths	  of	  the	  CRP	  partners	  
in	  crop	  improvement,	  we	  recognize	  that	  improved	  cultivars	  alone	  cannot	  overcome	  limitations	  on	  
yield	  and	  thus,	  each	  has	  been	  structured	  to	  include	  an	  entire	  production	  package.	  
PL1.	   Supporting	  farmers’	  transition	  from	  subsistence	  to	  market	  orientation	  with	  productive,	  
nutritious,	  photoperiod-­‐sensitive	  sorghum	  production	  packages	  for	  multiple	  uses	  in	  
West	  Africa	  
PL2.	   Improving	  food	  security	  for	  subsistence	  smallholder	  farmers	  in	  East	  and	  West	  Africa	  with	  
productive	  and	  nutritious	  pearl	  millet	  food	  and	  fodder	  production	  technologies	  
PL3.	   Drought	  tolerant,	  highly	  productive	  multi-­‐use	  sorghum	  varieties	  for	  food	  and	  processing	  
uses	  in	  the	  dry	  lowlands	  of	  East	  Africa	  
PL4.	   Improving	  nutritional	  security	  with	  productive	  and	  nutritious	  finger	  millet	  production	  
technologies	  for	  East	  and	  Southern	  Africa	  
PL5.	   Multi-­‐purpose	  barley	  production	  technologies	  to	  meet	  food,	  feed	  and	  fodder	  demands	  
in	  the	  driest	  regions	  of	  Africa	  and	  Asia	  
PL6.	   Improving	  food	  security	  and	  incomes	  with	  productive	  and	  nutritious	  multi-­‐purpose	  pearl	  
millet	  hybrid	  production	  technologies	  for	  East	  Africa	  and	  South	  Asia	  
PL7.	   Multi-­‐purpose	  post-­‐rainy	  season	  sorghum	  hybrid	  production	  technologies	  for	  improving	  
food	  and	  fodder	  availability	  in	  the	  driest	  regions	  of	  South	  Asia	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These	  ‘game-­‐changing’	  Produce	  Lines	  represent	  ‘the	  what’	  that	  the	  CRP	  will	  produce	  over	  the	  ten-­‐
year	  period.	  Five	  Strategic	  Components	  (‘the	  how’)	  will	  effectively	  develop	  and	  deliver	  each	  Product	  
Line,	  with	  a	  priority	  ranking	  firstly	  on	  the	  comparative	  advantage	  of	  the	  Centers	  and	  international	  
partners	  in	  modern	  breeding	  methods	  to	  address	  abiotic	  and	  biotic	  production	  stresses	  and	  output	  
quality	  traits,	  followed	  by	  a	  range	  of	  systems	  management	  options	  for	  sustainable	  crop/livestock	  
production.	  Integrated	  across	  all	  activities	  will	  be	  a	  focus	  on	  human	  capacity	  development	  of	  young	  
scientists	  and	  local/regional	  institutions	  to	  ensure	  sustainable	  implementation.	  
SC1.	  	   Assembling	  and	  making	  accessible	  data	  and	  knowledge	  for	  better	  targeting	  of	  dryland	  
cereal	  technologies	  to	  enhance	  their	  adoption	  by	  smallholder	  farmers	  for	  updated	  and	  
more	  detailed	  data	  collection	  and	  analysis	  to	  stay	  abreast	  of	  the	  dynamics	  of	  population	  
movements	  and	  potential	  climate	  change;	  and	  to	  provide	  a	  baseline	  and	  monitoring	  
capacity	  for	  on-­‐going	  governance	  of	  the	  program.	  
SC2.	  	   Developing	  improved	  dryland	  cereal	  varieties	  and	  hybrids	  for	  increased	  grain	  and	  stover	  
yield,	  quality	  and	  adaptation	  in	  smallholder	  farmers’	  fields	  to	  rapidly	  improve	  cereal	  crop	  
varieties	  for	  increased,	  sustainable	  yield	  and	  for	  a	  range	  of	  quality	  traits	  for	  food,	  feed	  and	  
fodder	  applications,	  including	  emerging	  opportunities	  driven	  by	  population	  dynamics.	  
SC3.	  	   Integrating	  sustainable	  crop,	  pest	  and	  disease	  management	  options,	  and	  enhancing	  
crop-­‐livestock	  integration,	  to	  capture	  genetic	  gains	  from	  improved	  varieties	  and	  hybrids	  
to	  capture	  and	  deliver	  genetic	  gains	  in	  farmers’	  fields	  
SC4.	  	   Promoting	  effective	  seed	  dissemination	  for	  better	  delivery	  of	  improved	  cultivars	  to	  
smallholder	  farmers	  to	  enable	  improved	  delivery	  and	  adoption	  of	  new	  technology	  
packages.	  
SC5.	  	   Promoting	  post-­‐harvest	  value	  addition	  and	  market	  access	  to	  enhance	  income	  of	  
smallholder	  dryland	  cereal	  producers	  to	  improve	  smallholder	  income	  beyond	  mere	  
subsistence.	  
Regional	  in-­‐country	  human	  capacity	  development	  will	  be	  integrated	  across	  all	  Product	  Lines	  and	  
Strategic	  Components	  including	  provision	  for	  degree	  and	  non-­‐degree	  level	  training,	  workshops	  and	  
conferences,	  and	  the	  development	  of	  distance	  learning	  products.	  Special	  efforts	  will	  be	  made	  to	  
strengthen	  and	  empower	  extension	  staff	  and	  NGOs	  at	  grass-­‐roots	  level.	  Training	  programs	  will	  
reflect	  a	  back-­‐to-­‐basics	  approach	  to	  offset	  current	  deficits	  in	  skilled	  personnel	  for	  conventional	  
breeding,	  agronomy,	  crop	  protection	  and	  farming	  systems.	  All	  capacity	  development	  activities	  will	  
have	  due	  regard	  to	  gender	  balance,	  recognizing	  the	  key	  role	  of	  women	  along	  all	  levels	  of	  the	  crop	  
value-­‐chain.	  
Internally	  within	  CGIAR,	  the	  CRP	  will	  have	  clearly	  distinguished	  specific	  crop	  objectives	  but	  very	  
strong	  development	  and	  implementation	  linkages	  with	  several	  other	  CGIAR	  Research	  Programs	  –	  
notably	  with	  the	  CGIAR	  Research	  Program	  on	  Dryland	  Systems	  (Dryland	  Systems)	  to	  better	  combine	  
the	  optimum	  genetic	  and	  management	  options;	  and	  with	  the	  CGIAR	  Research	  Program	  on	  Climate	  
Change,	  Agriculture	  and	  Food	  Security	  (CCAFS)	  to	  ensure	  the	  development	  and	  availability	  of	  climate	  
change-­‐ready	  crop	  options.	  	  
Implementation	  will	  also	  include	  linkages	  with	  other	  programs	  including	  the	  CGIAR	  Research	  
Program	  on	  Policies,	  Institutions	  and	  Markets	  to	  address	  deficiencies	  in	  marketing	  systems;	  on	  
Wheat	  (WHEAT),	  Maize	  (MAIZE)	  and	  Rice	  (GRiSP)	  to	  exchange	  information	  on	  genetics	  and	  breeding	  
methodologies;	  on	  Grain	  Legumes	  to	  optimize	  cereal-­‐legume	  systems;	  on	  Livestock	  and	  Fish	  to	  
develop	  more	  suitable	  feed	  and	  fodder	  crop	  varieties;	  on	  Agriculture	  for	  Nutrition	  and	  Health	  
(A4NH)	  to	  improve	  nutritional	  traits	  of	  cereals;	  and	  on	  Water,	  Land	  and	  Ecosystems	  (WLE)	  to	  
improve	  sustainable	  water	  use.	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The	  major	  innovation	  of	  the	  CRP	  will	  be	  to	  access	  and	  apply	  recent	  advances	  in	  genomic	  and	  
phenomic	  technologies	  and	  modern	  breeding	  methods	  in	  otherwise	  neglected	  areas.	  Overall	  the	  
objectives	  and	  activities	  of	  the	  CRP	  may	  be	  regarded	  as	  falling	  into	  a	  hierarchy	  of:	  
 Utilizing	  the	  comparative	  advantage	  of	  the	  Centers,	  and	  international	  partners,	  for	  access	  to	  
and	  implementation	  of	  modern	  breeding	  methods	  for	  crop	  improvement,	  including	  heterosis;	  
 Partnerships	  with	  in-­‐country	  agencies	  and	  linkages	  with	  other	  CRPs	  to	  integrate	  genetic	  gain	  
within	  farm-­‐level	  implementation	  of	  optimum	  farming	  systems;	  and	  
 Linkages	  with	  other	  CRPs	  and	  other	  agencies	  to	  address	  wider	  issues	  of	  in-­‐country	  
infrastructure	  relating	  to	  communications,	  extension,	  and	  seed	  distribution	  –	  leading	  to	  
improved	  farmer	  adoption	  and	  market	  access.	  
The	  vision	  of	  success	  of	  Dryland	  Cereals	  is	  to	  achieve	  an	  increase	  in	  farm-­‐level	  crop	  productivity	  and	  
total	  crop	  production	  of	  at	  least	  16%	  over	  ten	  years.	  In	  the	  target	  geographies	  of	  harsh	  dryland	  
conditions,	  total	  grain	  production	  will	  rise	  by	  a	  total	  of	  11	  million	  metric	  tons	  to	  reach	  a	  total	  value	  
of	  USD	  20	  billion,	  along	  with	  increases	  in	  animal	  feed	  and	  fodder	  with	  a	  value	  of	  about	  USD	  10	  
billion.	  These	  food,	  feed	  and	  financial	  benefits	  will	  flow	  to	  about	  5.8	  million	  smallholder	  farms	  and	  
around	  34	  million	  total	  beneficiaries	  by	  way	  of	  improved	  food	  quantity,	  quality	  and	  security,	  and	  
through	  cash	  income	  generated	  by	  off-­‐farm	  sales	  into	  emerging	  markets	  for	  feed,	  fodder	  and	  
specialty	  processed	  foods	  driven	  by	  the	  increased	  urbanized	  population.	  
The	  success	  of	  Dryland	  Cereals	  will	  contribute	  primarily	  to	  three	  CGIAR	  System	  Level	  Outcomes:	  SLO	  
1,	  reduced	  rural	  poverty;	  SLO	  2,	  improved	  food	  security;	  and	  SLO	  3,	  improved	  nutrition	  and	  health.	  
In	  addition,	  since	  dryland	  cereals	  are	  already	  efficient	  users	  of	  soil	  water	  and	  nutrients,	  the	  
expansion	  of	  cereals	  alone,	  more	  particularly	  in	  cereal/legume	  systems,	  is	  expected	  to	  optimize	  crop	  
production	  without	  undue	  reliance	  on	  artificial	  nitrogen	  fertilizer	  inputs.	  It	  will	  also	  lead	  to	  a	  balance	  
of	  increased	  production	  while	  minimizing	  the	  risks	  of	  environmental	  degradation	  to	  achieve	  
sustainable	  management	  of	  natural	  resources	  (SLO	  4),	  especially	  in	  view	  of	  the	  projected	  effects	  of	  
climate	  change.	  
Structure,	  Management	  and	  Governance	  
Administratively	  the	  designated	  lead	  Center	  for	  the	  CRP	  will	  be	  ICRISAT,	  working	  with	  ICARDA	  and	  a	  
wide	  range	  of	  partner	  organizations.	  ICRISAT	  will	  sign	  a	  Program	  Implementation	  Agreement	  with	  
the	  CGIAR	  Consortium	  and,	  through	  its	  Director	  General,	  will	  have	  overall	  responsibility	  for	  fiduciary	  
and	  legal	  matters	  and	  performance	  accountability	  for	  the	  program.	  
Monitoring	  and	  feedback	  mechanisms	  for	  the	  CRP	  will	  conform	  to	  the	  principles	  and	  standards	  now	  
being	  developed	  by	  the	  CGIAR	  Consortium.	  Ex	  ante	  assessments	  will	  be	  conducted	  during	  the	  
project	  development	  stage,	  followed	  by	  periodic	  monitoring	  studies	  during	  implementation.	  
Feedback	  loops	  from	  these	  studies,	  and	  from	  on-­‐going	  relationships	  with	  partners,	  will	  be	  used	  for	  
continuous	  program	  improvement.	  Formal	  reports	  will	  be	  available	  to	  the	  program	  management	  
and	  governance	  structures.	  
Direct	  management	  will	  be	  via	  appointment	  of	  a	  newly	  recruited	  CRP	  Director	  (dedicated	  position,	  
reporting	  to	  the	  Director	  General	  of	  ICRISAT),	  who	  will	  lead	  Product	  Line	  research	  teams	  headed	  by	  
Product	  Line	  Coordinators.	  An	  Administrative	  Officer	  and	  a	  Communications	  and	  Information	  
Manager	  will	  support	  the	  CRP	  Director.	  
The	  CRP	  Director	  and	  Product	  Line	  Coordinators	  will	  form	  a	  Research	  Management	  Committee	  
(RMC),	  together	  with	  senior	  designates	  from	  each	  key	  partner	  organization,	  altogether	  selected	  to	  
ensure	  effective	  regional	  representation.	  The	  RMC	  will	  be	  the	  key	  entity	  responsible	  for	  
establishment,	  implementation,	  monitoring	  and	  communicating	  of	  the	  research	  portfolio,	  strategy,	  
work	  plans,	  annual	  budgets	  and	  reports.	  
Dryland	  Cereals	  –	  Executive	  Summary	   5	  
At	  a	  governance	  level	  an	  ‘Independent	  Advisory	  Committee’	  will	  be	  formed	  to	  provide	  periodic	  input	  
and	  advice	  to	  the	  ICRISAT	  Governing	  Board	  on	  the	  direction	  and	  quality	  of	  the	  research	  portfolio,	  
priority	  setting	  and	  resource	  allocations.	  The	  Independent	  Advisory	  Committee	  will	  be	  composed	  of	  
five	  to	  six	  independent	  R4D	  experts	  with	  relevant	  experience	  and	  expertise	  in	  the	  field,	  including	  
representatives	  from	  key	  sub-­‐regional	  fora	  and	  NARS	  in	  Dryland	  Cereals.	  
The	  budget	  for	  the	  first	  three	  years	  of	  Dryland	  Cereals	  has	  been	  developed	  following	  guidelines	  from	  
the	  CGIAR	  Consortium	  for	  Window	  1	  and	  2	  funding	  and	  with	  existing	  bilateral	  funding	  for	  ICRISAT,	  
ICARDA	  and	  GCP.	  The	  budget	  for	  actual	  research	  activities	  represents	  95%	  of	  total	  expenses,	  built	  up	  
from	  projected	  research	  costs	  for	  each	  Product	  Line.	  	  
Costs	  for	  management	  and	  administrative	  overheads	  for	  the	  CRP	  have	  been	  kept	  to	  5%	  of	  total	  
expenses	  –	  including	  salaries,	  travel	  and	  operations	  for	  the	  CRP	  Director,	  seven	  part-­‐time	  Product	  
Line	  Coordinators,	  the	  Program	  Management	  Unit,	  and	  meeting	  and	  honoraria	  costs	  for	  the	  
Independent	  Advisory	  Committee	  functions.	  
Gender	  strategy:	  Dryland	  Cereals	  recognizes	  the	  importance	  of	  gender	  in	  target	  geographies	  where	  
women	  frequently	  have	  key	  roles	  in	  crop	  and	  livestock	  production.	  Crop	  activities	  such	  as	  harvesting,	  
storage	  (including	  the	  commodity	  and	  its	  seed	  portion),	  processing	  and	  use	  (including	  marketing),	  
and	  livestock	  such	  as	  feeding,	  milking,	  birthing	  and	  animal	  health	  care	  are	  activities	  where	  women	  
often	  have	  a	  decisive	  role.	  Each	  Product	  Line	  and	  Strategic	  Component	  will	  include	  gender-­‐
differentiated	  activities	  and	  outcomes	  specifically	  targeted	  to	  address	  equitable	  inclusion	  of	  women	  
along	  the	  entire	  value	  chain,	  and	  will	  investigate	  the	  full	  integration	  of	  women	  in	  enterprising	  in	  
seed,	  other	  agricultural	  market	  services,	  and	  value	  added	  uses	  of	  the	  raw	  commodity	  products,	  
especially	  when	  the	  use	  of	  the	  commodity	  is	  for	  food.	  	  
Prior	  lessons:	  Adoption	  of	  improved	  dryland	  cereal	  technologies	  has	  previously	  been	  limited	  by	  poor	  
farmer	  access	  to	  seed	  and	  to	  management	  information.	  The	  CRP,	  with	  partners,	  will	  give	  particular	  
attention	  to	  distribution	  of	  seed	  in	  smaller	  affordable	  packages,	  and	  to	  strengthening	  of	  extension	  
services.	  
Dryland	  cereal	  farmers’	  crop	  adoption	  decisions	  take	  account	  of	  multiple	  end-­‐uses,	  strong	  consumer	  
food	  preferences	  and	  the	  evolving	  market	  dynamics	  for	  feed	  and	  fodder	  –	  presenting	  a	  complex	  of	  
multiple	  crop	  traits	  beyond	  a	  simplistic	  objective	  of	  ‘higher	  yield’	  that	  is	  yet	  to	  be	  well	  understood	  by	  
researchers.	  
Hybrids	  are	  proving	  viable	  and	  economically	  attractive	  to	  farmers	  and	  seed	  producers	  in	  certain	  
areas	  (notably	  India)	  and	  application	  of	  heterosis	  offers	  wider	  potential	  in	  Africa	  as	  well.	  
Genomic	  and	  phenomic	  technologies	  and	  related	  modern	  breeding	  methodologies	  have	  advanced	  
rapidly	  in	  recent	  years.	  Accessing	  new	  germplasm	  and	  leveraging	  existing	  international	  expertise	  
offers	  potential	  to	  rapidly	  transfer	  technology	  for	  accelerated	  gains.	  
IP	  management:	  The	  CRP	  IP	  management	  will	  be	  driven	  by	  CGIAR	  Consortium	  principles.	  As	  the	  CRP	  
will	  work	  with	  a	  wide	  range	  of	  external	  partners,	  particular	  agreements	  will	  have	  to	  be	  developed	  to	  
merge	  each	  party’s	  interests,	  without	  compromising	  CGIAR	  principles.	  
Essentially,	  IP	  arising	  from	  the	  CRP	  will	  be	  made	  available	  globally	  and	  publicly.	  Germplasm	  will	  be	  
exchanged	  under	  the	  Standard	  Material	  Transfer	  Agreement.	  
Knowledge	  management	  and	  communications:	  Knowledge	  management	  encompasses	  a	  variety	  of	  
strategies	  and	  practices	  to	  create,	  identify,	  represent,	  distribute	  and	  enable	  adoption	  of	  new	  results,	  
insights	  and	  experiences.	  Effective	  KM	  systems	  do	  not	  just	  happen;	  they	  require	  expert	  development	  
and	  implementation.	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The	  CRP	  will	  have	  a	  dedicated	  Communications	  and	  Information	  Manager	  that	  will	  help	  develop	  
policies	  and	  practices,	  with	  its	  partners,	  to	  ensure	  effective	  dissemination	  of	  new	  information	  –	  with	  
the	  guiding	  principle	  of	  furthering	  the	  objectives	  of	  the	  CRP.	  
Risk	  management:	  The	  CRP	  will	  engage	  with	  a	  range	  of	  partners	  across	  a	  broad	  sweep	  of	  geography	  
and	  will	  face	  risks	  from	  several	  externalities	  beyond	  its	  immediate	  control	  –	  such	  as,	  drought,	  
famine,	  political	  upheaval	  and	  civil	  unrest	  –	  which	  will	  be	  avoided	  or	  dealt	  with	  when	  they	  occur.	  
Internal	  risks	  of	  scientific	  or	  administrative	  competence	  will	  be	  safeguarded	  against	  in	  the	  first	  
instance	  by	  the	  proposed	  structures	  of	  the	  Research	  Management	  Committee	  (for	  science	  
management)	  and	  the	  Independent	  Advisory	  Committee	  (for	  oversight	  governance)	  reporting	  to	  the	  
ICRISAT	  management	  and	  Governing	  Board.	  
A	  potential	  new	  risk	  arises	  from	  the	  size	  and	  complexity	  of	  the	  wide-­‐ranging	  partnership	  
arrangement,	  where	  ICRISAT	  (as	  Lead	  Center)	  will	  develop	  and	  nurture	  the	  goodwill	  of	  all	  parties	  but	  
will	  not	  have	  direct	  management	  ‘control’	  of	  partner	  priorities	  or	  activities.	  ICRISAT	  and	  the	  CRP	  
Director	  will	  allocate	  significant	  resources	  to	  ‘internal’	  communications	  and	  to	  on-­‐going	  promotion	  
of	  ‘team	  spirit’	  with	  ownership	  and	  accountability	  for	  agreed	  objectives	  and	  activities.	  Doing	  so	  may	  
have	  an	  increased	  transaction	  cost	  but	  will	  mitigate	  against	  backsliding.	  
This	  Executive	  Summary	  necessarily	  presents	  a	  brief	  overview	  of	  a	  complex	  research	  program	  
involving	  four	  crops,	  several	  diverse	  regions,	  and	  multiple	  partners.	  Complete	  details	  of	  the	  
background	  data	  gathering	  and	  analysis,	  and	  specific	  research	  proposals	  for	  each	  Product	  Line	  and	  
Strategic	  Component	  may	  be	  found	  in	  the	  commentary	  that	  follows,	  and	  in	  the	  Appendices.	  Dryland	  
Cereals	  is	  now	  ready	  for	  implementation	  with	  the	  full	  and	  enthusiastic	  support	  of	  its	  partners.	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VISION	  OF	  SUCCESS	  	  
Over	  the	  next	  ten	  years,	  Dryland	  Cereals	  will	  achieve	  a	  sustainable	  16%	  increase	  in	  dryland	  
cereal	  farm-­‐level	  production	  (equivalent	  to	  11	  million	  metric	  tons).	  A	  large	  percentage	  of	  this	  
increase	  will	  be	  for	  sorghum	  and	  pearl	  millet	  in	  WCA	  (56%)	  and	  South	  Asia	  (34%).	  	  
This	  will	  be	  done	  through	  a	  combination	  of	  crop	  improvement	  products,	  better	  agronomic	  
practices,	  and	  more	  effective	  delivery	  systems	  for	  seed,	  information	  and	  other	  inputs.	  At	  the	  
same	  time,	  we	  will	  improve	  grain	  and	  stover	  quality.	  We	  project	  that	  the	  increase	  in	  grain	  
production	  from	  these	  improved	  technologies	  will	  allow	  an	  additional	  39	  million	  households	  
in	  the	  countries	  of	  our	  target	  regions	  to	  meet	  at	  least	  30%	  of	  their	  energy	  requirements	  from	  
dryland	  cereals.	  The	  primary	  beneficiaries	  would	  be	  sorghum	  and	  millet	  growing	  households	  
in	  WCA	  (44%)	  and	  South	  Asia	  (41%),	  with	  more	  modest	  improvements	  in	  food	  security	  in	  ESA	  
(12%)	  and	  CWANA	  (3%).	  Adoption	  of	  new	  technology	  would	  also	  raise	  incomes	  for	  dryland	  
farmers.	  Added	  net	  income	  from	  dryland	  cereals	  would	  rise	  by	  USD	  1,264	  million,	  of	  which	  
most	  would	  come	  from	  sorghum	  (50%),	  followed	  by	  millets	  (38%)	  and	  barley	  (12%).	  Most	  
additional	  net	  income	  would	  accrue	  to	  farmers	  in	  South	  Asia	  (40%)	  and	  in	  WCA	  (30%).	  
Women	  farmers	  will	  be	  a	  primary	  focus	  of	  our	  work.	  Through	  their	  participation,	  we	  will	  
ensure	  that	  appropriate	  quality	  traits	  are	  preserved	  or	  integrated	  into	  new	  varieties,	  suitable	  
agronomic	  practices	  are	  developed	  and	  promoted,	  and	  effective	  and	  profitable	  post-­‐harvest	  
processing	  and	  market	  access	  options	  are	  identified.	  
Making	  this	  vision	  a	  reality	  will	  require	  new	  forms	  of	  collaboration	  and	  partnership.	  These	  will	  
involve	  the	  two	  CGIAR	  centers	  that	  focus	  on	  dryland	  cereals	  (ICARDA	  and	  ICRISAT);	  major	  developed	  
country	  partners	  (USAID-­‐supported	  dryland	  cereals	  CRSP	  in	  the	  USA,	  and	  CIRAD	  and	  IRD	  in	  France);	  
the	  Indian	  Council	  for	  Agricultural	  Research	  (ICAR),	  which	  has	  long	  invested	  in	  dryland	  cereals	  
research	  and	  development;	  the	  Iranian	  Agricultural	  Research,	  Education	  and	  Extension	  Organization	  
(AREEO),	  which	  has	  been	  a	  partner	  with	  ICARDA	  for	  many	  years;	  research	  partners	  involved	  in	  
Generation	  Challenge	  Program	  projects	  on	  dryland	  cereals	  and	  integrated	  plant	  breeding;	  national	  
agricultural	  research	  and	  extension	  systems	  (NARES)	  in	  our	  target	  countries	  in	  Africa	  and	  Asia;	  
advanced	  research	  institutes	  in	  the	  public	  and	  private	  sector;	  and	  a	  wide	  range	  of	  development-­‐
oriented	  NGOs,	  CSOs	  and	  CBOs	  working	  in	  targeted	  dryland	  areas.	  	  
These	  organizations	  will	  coordinate	  their	  respective	  efforts	  and	  exploit	  their	  comparative	  advantages	  
in	  a	  common	  cause.	  Opportunities	  will	  be	  identified	  for	  sharing	  research	  and	  testing	  facilities,	  as	  well	  
as	  results	  and	  new	  knowledge.	  Smallholder	  farmers	  in	  the	  drylands	  will	  benefit	  from	  having	  one	  
unified	  source	  for	  new	  options	  aimed	  at	  improving	  cereal	  productivity	  and	  production.	  We	  believe	  
that	  encouraging	  such	  collaboration	  and	  realizing	  potential	  R4D	  efficiencies	  are	  the	  fundamental	  
reasons	  behind	  the	  CGIAR	  reform	  process,	  especially	  the	  development	  of	  the	  CGIAR	  Research	  
Programs.	  
Doing	  business	  differently	  means	  focusing	  research	  on	  where	  we	  can	  have	  greatest	  impact.	  In	  each	  
region,	  we	  have	  targeted	  countries	  with	  at	  least	  0.5	  million	  ha	  planted	  to	  dryland	  cereals	  and	  where	  
the	  gap	  between	  farmers’	  yields	  and	  the	  potential	  yield	  is	  high.	  Targeting	  specific	  countries	  will	  allow	  
us	  to	  concentrate	  scarce	  research	  resources,	  create	  the	  critical	  mass	  required	  to	  develop	  new	  
technology,	  and	  build	  closer	  partnerships	  with	  development	  partners	  that	  will	  deliver	  new	  
technology	  to	  farmers.	  Non-­‐target	  counties	  in	  the	  same	  region	  will	  also	  benefit	  indirectly	  through	  
research	  spillovers.	  
Innovative	  approaches	  are	  needed	  to	  overcome	  barriers	  that	  have	  so	  far	  prevented	  widespread	  
adoption	  of	  new	  technology.	  We	  now	  have	  a	  clearer	  understanding	  of	  these	  barriers	  and	  their	  
relative	  importance.	  Thanks	  to	  success	  stories	  in	  both	  Africa	  and	  Asia,	  we	  also	  know	  that	  these	  
barriers	  can	  be	  overcome.	  However,	  the	  same	  success	  stories	  also	  show	  the	  need	  for	  innovation,	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and	  to	  develop	  new	  products	  and	  approaches	  to	  technology	  delivery.	  New	  products	  (such	  as	  
sorghum	  hybrids)	  will	  encourage	  private	  sector	  investment	  in	  seed	  supply	  and	  improve	  market	  
access	  for	  farmers.	  Similarly,	  new	  communications	  offer	  opportunities	  to	  overcome	  farmers’	  lack	  of	  
information	  about	  new	  technology.	  This	  will	  require	  partnerships	  to	  provide	  content	  to	  information	  
providers	  who	  can	  reach	  small	  farmers.	  
CONTRIBUTING	  TO	  CGIAR	  SYSTEM-­‐LEVEL	  OUTCOMES	  	  
Dryland	  Cereals	  will	  help	  achieve	  primarily	  three	  of	  the	  four	  CGIAR	  System	  Level	  Outcomes	  (SLOs)	  –	  
reduced	  rural	  poverty,	  improved	  food	  security,	  and	  improved	  nutrition	  and	  health.	  And	  because	  
dryland	  cereals	  are	  among	  the	  most	  efficient	  in	  using	  natural	  resources	  (water	  and	  soil	  nutrients),	  
the	  increased	  use	  of	  improved	  varieties	  will	  also	  help	  reduce	  environmental	  degradation	  in	  dry	  areas	  
and	  thus,	  will	  contribute	  to	  the	  fourth	  SLO	  on	  environmental	  sustainability.	  We	  also	  anticipate	  that	  
dryland	  degradation	  will	  be	  reduced	  through	  research	  aimed	  at	  optimizing	  dryland	  cereal/legume	  
cropping	  systems,	  which	  will	  enable	  cereal	  productivity	  to	  increase	  without	  significant	  additional	  
nitrogen	  fertilizer	  inputs.	  	  
Reduced	  rural	  poverty	  (System	  Level	  Outcome	  1)	  
Over	  the	  past	  two	  decades,	  the	  average	  yields	  of	  dryland	  cereals	  have	  increased.	  This	  upward	  trend,	  
however,	  is	  relatively	  small	  (0.5-­‐1%	  per	  year,	  depending	  on	  the	  region)	  and	  has	  not	  been	  enough	  to	  
keep	  up	  with	  population	  growth,	  let	  alone	  to	  create	  marketable	  surpluses	  that	  can	  generate	  
additional	  income	  for	  smallholders.	  Yet	  research	  to	  measure	  yield	  gaps	  has	  demonstrated	  that	  yields	  
of	  dryland	  cereals	  in	  many	  ecologies	  could	  be	  two	  to	  four	  times	  higher	  using	  available	  technologies	  
than	  those	  commonly	  achieved.	  Similarly,	  appropriate	  crop	  improvement	  technologies,	  especially	  
hybrids	  in	  SA,	  have	  shown	  continuous	  and	  steady	  genetic	  gains.	  
Dryland	  cereal	  crops	  hold	  considerable	  potential	  for	  overcoming	  production	  limitations	  that	  are	  
common	  across	  marginal	  environments,	  and	  thus	  they	  offer	  farmers	  important	  opportunities	  for	  
increasing	  their	  incomes	  and	  improving	  their	  livelihoods.	  Work	  aimed	  at	  increasing	  profitability	  and	  
marketing	  options	  will	  be	  done	  in	  close	  collaboration	  with	  Dryland	  Systems.	  Assessing	  production	  
and	  marketing	  risks,	  especially	  for	  women	  farmers,	  will	  be	  a	  key	  component,	  along	  with	  identifying	  
options	  for	  improving	  smallholder	  access	  to	  local	  and	  regional	  markets.	  
Demand	  for	  dryland	  cereals	  is	  forecast	  to	  grow	  strongly	  in	  our	  target	  regions.	  Growth	  in	  demand	  will	  
be	  driven	  primarily	  not	  only	  by	  population	  growth	  but	  also	  by	  new	  markets,	  such	  as	  demand	  for	  
clear	  sorghum	  beer,	  millets	  as	  a	  health	  food	  and	  for	  weaning	  children,	  and	  for	  stock	  and	  poultry	  
feed.	  
Sorghum	  is	  highly	  competitive	  with	  barley	  for	  malting.	  Multinational	  breweries	  regard	  Africa	  as	  a	  
growing	  market,	  where	  clear	  sorghum	  beer	  is	  targeted	  at	  consumers	  trading-­‐up	  from	  traditional	  
brews.	  Sorghum	  beer	  requires	  improved	  varieties	  with	  specific	  traits	  for	  malting.	  Africa’s	  beer	  
market	  (including	  home	  brews)	  is	  valued	  at	  USD	  3	  billion	  per	  year,	  which	  illustrates	  the	  potential	  for	  
growth.	  The	  top-­‐selling	  beer	  brands	  in	  Kenya	  and	  Uganda	  are	  both	  sorghum	  beers.	  The	  number	  of	  
smallholders	  serving	  this	  market	  is	  still	  relatively	  small,	  but	  will	  grow	  as	  income	  and	  population	  
growth	  drive	  consumer	  demand	  for	  alternatives	  to	  home	  brews.	  
Crop	  residues,	  especially	  stover	  but	  also	  straw,	  are	  increasingly	  important	  commodities	  that	  
significantly	  increase	  the	  overall	  value	  of	  dryland	  cereals.	  The	  current	  estimated	  value	  of	  sorghum	  
stover	  in	  our	  target	  regions,	  for	  example,	  is	  USD	  5.8	  billion	  (Table	  A6-­‐7	  in	  Appendix	  6).	  The	  increasing	  
value	  of	  stover	  has	  been	  a	  prominent	  trend	  in	  Asia	  (Nordbloom	  et	  al.	  1983;	  Kelley	  et	  al.	  1996),	  and	  
stover	  markets	  are	  emerging	  in	  the	  drier,	  more	  densely	  populated	  areas	  of	  West	  Africa.	  The	  
increasing	  demand	  for	  livestock	  and	  livestock	  products	  is	  raising	  the	  importance	  of	  fodder	  and	  feed.	  
Dryland	  Cereals	  will	  thus	  focus	  on	  increasing	  the	  quantity	  and	  quality	  of	  stover	  and	  straw,	  as	  well	  as	  
grain	  –	  work	  that	  will	  be	  done	  together	  with	  Livestock	  and	  Fish.	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Home	  processing	  of	  coarse	  dryland	  cereals	  to	  produce	  traditional	  foods	  is	  both	  difficult	  and	  time	  
consuming,	  especially	  for	  urban	  consumers.	  Processed	  dryland	  cereal	  products	  that	  are	  easy	  and	  fast	  
to	  prepare	  and	  have	  good	  shelf	  life	  are	  increasingly	  in	  demand,	  especially	  in	  South	  Asia.	  Dryland	  
Cereals	  will	  therefore	  work	  with	  partners	  specializing	  in	  cereal	  processing,	  as	  well	  as	  developers	  and	  
manufacturers	  of	  locally	  adaptable	  post-­‐harvest	  processing	  equipment,	  to	  help	  meet	  the	  rising	  
urban	  demand	  for	  dryland	  cereals.	  Moreover,	  the	  growing	  interest	  in	  using	  dryland	  cereal	  grains	  for	  
industrial	  purposes,	  especially	  for	  malting	  and	  the	  production	  of	  sweet	  syrups,	  presents	  additional	  
marketing	  and	  income	  opportunities	  for	  smallholder	  producers.	  	  
Improving	  food	  security	  (System	  Level	  Outcome	  2)	  
More	  than	  650	  million	  (155	  million	  in	  our	  targeted	  countries)	  of	  the	  poorest	  and	  most	  food-­‐insecure	  
people	  live	  in	  dryland	  areas.	  To	  cope	  with	  the	  harsh	  agro-­‐climatic	  conditions	  (low	  and	  variable	  
rainfall,	  high	  temperatures,	  poor	  fertility,	  and	  saline	  soils	  and	  especially	  the	  high	  risk	  of	  drought),	  
families	  in	  the	  drylands	  tend	  to	  rely	  on	  growing	  barley,	  finger	  millet,	  pearl	  millet	  and	  sorghum	  –	  the	  
world’s	  hardiest	  and	  least	  risky	  cereals.	  These	  crops	  are	  consumed	  primarily	  on-­‐farm	  and	  by	  the	  very	  
poorest	  people	  (depending	  on	  the	  region	  and	  crop,	  as	  much	  as	  80%	  is	  consumed	  directly).	  Locked	  
into	  subsistence	  farming,	  these	  families	  often	  suffer	  from	  hunger	  and	  malnutrition,	  especially	  in	  the	  
months	  leading	  up	  to	  harvest.	  Women	  and	  children	  often	  suffer	  the	  most.	  Improving	  the	  
productivity	  and	  production	  of	  dryland	  cereal	  crops	  can	  thus	  provide	  additional	  food	  security	  
benefits	  to	  the	  poorest	  of	  the	  poor.	  	  
Dryland	  Cereals	  will	  work	  with	  these	  farmers	  to	  identify	  and	  prioritize	  specific	  preferences	  –	  the	  
traits	  farmers	  need	  and	  want	  in	  new	  varieties	  to	  make	  them	  truly	  useful.	  New	  genes	  and	  traits	  for	  
better	  adaptation	  to	  stresses	  will	  be	  identified	  through	  the	  application	  of	  genomics.	  We	  will	  use	  the	  
latest	  crop	  physiology	  tools	  and	  methodologies	  to	  understand	  the	  basis	  for	  stress	  tolerance,	  and	  
better	  stress-­‐tolerant	  germplasm	  with	  higher	  and	  more	  stable	  yields	  will	  be	  produced.	  Improved	  
methodologies	  and	  tools	  for	  genetic	  improvement	  in	  dryland	  cereals	  will	  be	  developed	  and	  applied.	  
More	  effective	  seed	  and	  input	  systems	  that	  target	  smallholder	  farmers	  will	  be	  established.	  And	  the	  
R4D	  capacity	  of	  CRP	  partners,	  as	  well	  as	  the	  practical	  skills	  of	  smallholder	  farmers	  in	  our	  target	  
countries	  and	  regions,	  will	  be	  strengthened.	  	  
Dryland	  Cereals	  will	  develop	  new	  varieties	  with	  higher	  yields	  by	  better	  coping	  with	  abiotic	  stresses,	  
such	  as	  drought,	  high	  temperatures,	  poor	  soil	  fertility	  and	  high	  salinity.	  New	  varieties	  will	  also	  have	  
better	  resistance	  to	  insect	  pests	  and	  diseases.	  Preferred	  grain	  and	  stalk	  quality	  and	  processing	  
characteristics	  will	  be	  maintained	  or	  improved	  for	  specific	  users	  and	  agro-­‐ecologies.	  Smallholder	  
farmers	  will	  be	  heavily	  involved	  in	  shaping	  the	  trait	  combinations	  of	  their	  new	  varieties	  to	  ensure	  
that	  the	  process	  is	  demand-­‐driven	  and	  that	  new	  varieties	  meet	  farmers’	  needs	  for	  local	  adaptation	  
and	  uses.	  Special	  emphasis	  will	  be	  given	  to	  improved	  yield	  stability	  under	  the	  most	  difficult	  
production	  conditions	  in	  the	  drylands,	  which	  will	  reduce	  adoption	  risks	  for	  resource-­‐poor	  producers.	  
Low-­‐cost	  agronomic	  packages	  will	  be	  developed	  to	  optimize	  yields	  of	  the	  new	  varieties	  and	  to	  
increase	  farmer	  experimentation	  with	  the	  technologies.	  Stronger	  formal	  and	  informal	  seed	  and	  
information	  systems	  will	  improve	  awareness	  and	  availability	  of	  the	  new	  technologies.	  Farmer-­‐owned	  
seed	  businesses	  or	  other	  emerging	  local	  seed	  enterprises	  in	  areas	  where	  the	  formal	  seed	  system	  is	  
not	  well	  developed	  will	  help	  fill	  the	  current	  seed-­‐marketing	  gap.	  Concerted	  R4D	  is	  required	  to	  ensure	  
that	  development	  organizations,	  private	  sector	  entities,	  and	  policy	  makers	  are	  aware	  of	  and	  can	  
capitalize	  on	  the	  opportunities	  that	  new	  varieties	  can	  trigger.	  This	  is	  especially	  important	  in	  the	  area	  
of	  post-­‐harvest	  handling,	  processing	  and	  marketing.	  
Improving	  nutrition	  and	  health	  (System	  Level	  Outcome	  3)	  
Malnutrition	  is	  a	  challenging	  and	  complex	  issue	  that	  requires	  cooperation	  among	  various	  actors	  in	  
the	  agricultural,	  nutritional,	  and	  health	  arenas	  (World	  Bank,	  2006).	  In	  general,	  dryland	  cereals	  
provide	  important	  sources	  of	  carbohydrates,	  energy,	  protein,	  fiber,	  calcium,	  iron,	  and	  certain	  
vitamin	  B	  complexes,	  which	  is	  especially	  relevant	  for	  poor	  households	  that	  depend	  on	  these	  crops.	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Finger	  millet	  is	  extraordinarily	  high	  in	  calcium,	  and	  eating	  whole	  grain	  barley	  can	  regulate	  blood	  
sugar	  (i.e.,	  reduce	  blood	  glucose	  response	  to	  a	  meal)	  for	  up	  to	  10	  hours.	  Sorghum	  is	  a	  good	  source	  of	  
protein,	  carbohydrates,	  fiber	  and	  energy,	  as	  well	  as	  iron	  and	  potassium.	  And	  pearl	  millet	  is	  the	  
highest	  of	  these	  cereals	  in	  terms	  of	  available	  protein,	  energy	  content	  and	  iron.	  
Dryland	  Cereals	  will	  produce	  grain	  types	  that	  have	  the	  qualities	  needed	  for	  optimum	  local	  
processing,	  work	  that	  will	  be	  done	  in	  close	  collaboration	  with	  A4NH.	  HarvestPlus	  and	  A4NH	  have	  
identified	  appropriate	  methodologies	  and	  established	  the	  feasibility	  of	  increasing	  the	  iron	  and	  zinc	  
content	  of	  dryland	  cereals,	  and	  our	  main	  focus	  will	  be	  to	  ensure	  that	  new	  varieties	  at	  least	  match	  
the	  nutritional	  content	  of	  local	  varieties	  –	  	  that	  important	  nutritional	  factors	  are	  not	  lost	  in	  the	  
breeding	  and	  selection	  process.	  Biofortification	  research	  remains	  of	  interest	  as	  well,	  and	  Dryland	  
Cereals	  will	  explore	  the	  potential	  to	  increase	  iron	  and	  zinc	  content	  in	  the	  grain	  of	  superior,	  preferred	  
varieties.	  Also	  of	  importance	  is	  improving	  such	  factors	  as	  the	  ease	  of	  processing	  and	  the	  shelf	  life	  of	  
dryland	  cereal	  products.	  We	  believe	  that	  linking	  this	  work	  with	  the	  efforts	  of	  HarvestPlus	  is	  critical	  
and	  that	  the	  integrated	  agriculture,	  nutrition,	  and	  health	  platform	  envisioned	  in	  A4NH	  can	  generate	  
significant	  synergies.	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PROGRAM	  FOCUS	  AND	  JUSTIFICATION	  
THE	  DRYLAND	  CEREALS	  
The	  CGIAR	  Research	  Program	  on	  Dryland	  Cereals	  is	  focused	  on	  three	  crops	  –	  barley,	  millet	  (finger	  
millet,	  pearl	  millet)	  and	  sorghum	  –	  that	  provide	  much	  needed	  food,	  feed	  and	  fodder	  to	  millions	  of	  
smallholder	  households	  in	  some	  of	  the	  most	  marginal	  areas	  of	  the	  world	  (see	  Appendix	  1	  for	  
detailed	  descriptions	  of	  each	  crop).	  These	  households	  have	  few	  options	  in	  terms	  of	  crops,	  and	  
therefore	  depend	  on	  the	  hardiness	  of	  these	  dryland	  cereals	  for	  meeting	  many	  of	  their	  household	  
food	  and	  income	  needs.	  Collectively,	  a	  large	  percentage	  of	  the	  global	  production	  and	  associated	  
value	  is	  in	  low-­‐income,	  food-­‐deficit	  countries	  (LIFDC),	  especially	  for	  millets	  and	  sorghum	  (Table	  1).	  	  
Table	  1.	  Production	  (in	  million	  tons)	  and	  value	  of	  production	  (VOP	  in	  USD	  billions)	  for	  dryland	  	  
cereals	  (barley,	  millets,	  sorghum)	  worldwide	  and	  in	  low-­‐income,	  food-­‐deficit	  countries	  (LIFDC)1	  
	   Production	  (MT)	   VOP	  (USD	  billion)	  
Crop	   LIFDC	   World	   LIFDC	   World	  
Barley	   10.1	   155.1	   2.94	   36.76	  
Millets	  (finger	  and	  pearl)	   33.5	   35.2	   13.37	   13.68	  
Sorghum	   36.7	   66.8	   10.98	   15.60	  
Total	  Dryland	  Cereals	   80.3	   257.1	   27.29	   66.04	  
1	  FAOSTAT	  2009.	  FAO's	  classification	  and	  criteria	  for	  low-­‐income,	  food-­‐deficit	  countries	  (LIFDC)	  can	  be	  found	  at	  
http://www.fao.org/countryprofiles/lifdc.asp?lang=en	  	  
	  
Barley	  is	  grown	  from	  the	  fringes	  of	  deserts	  and	  steppes	  to	  high	  elevation	  areas.	  Its	  
grain	  is	  used	  as	  feed	  for	  livestock	  (mostly	  ruminants	  but	  also	  monogastrics),	  for	  
malting,	  and	  as	  food	  for	  direct	  human	  consumption.	  Barley	  straw	  is	  used	  as	  
animal	  feed	  in	  many	  developing	  countries,	  and	  for	  animal	  bedding	  and	  as	  cover	  
material	  for	  hut	  roofs.	  After	  the	  harvest,	  barley	  stubble	  is	  grazed	  during	  the	  
summer	  in	  large	  areas	  of	  West	  Asia	  and	  North	  Africa.	  Barley	  is	  also	  used	  for	  green	  grazing	  or	  is	  cut	  
before	  maturity	  and	  either	  directly	  fed	  to	  animals	  or	  used	  for	  silage.	  Malting	  barley	  is	  grown	  as	  a	  
cash	  crop	  in	  a	  number	  of	  developing	  countries.	  Utilization	  for	  malting	  and	  by	  the	  brewing	  industry	  
has	  picked	  up	  recently	  with	  an	  increase	  of	  consumption	  of	  beer	  and	  other	  malt	  products.	  	  
Finger	  millet	  plays	  an	  important	  role	  in	  both	  the	  dietary	  needs	  and	  incomes	  of	  
many	  rural	  households	  in	  eastern	  and	  southern	  Africa	  and	  South	  Asia,	  accounting	  
for	  10%	  of	  the	  38-­‐50	  million	  hectares	  sown	  to	  all	  the	  types	  of	  millet	  globally.	  
Finger	  millet	  is	  rich	  in	  fiber,	  iron	  and	  calcium.	  The	  crop	  has	  high	  yield	  potential	  
(more	  than	  10	  t/ha	  under	  optimum	  irrigated	  conditions)	  and	  its	  grain	  stores	  very	  
well.	  Even	  so,	  like	  most	  millets	  it	  is	  grown	  mainly	  as	  a	  rainfed	  crop	  in	  marginal	  environments	  having	  
low	  soil	  fertility	  and	  limited	  moisture.	  Beyond	  its	  importance	  as	  food,	  finger	  millet	  is	  highly	  valued	  as	  
fodder	  for	  livestock.	  
Pearl	  millet	  is	  the	  world’s	  hardiest	  warm	  season	  cereal	  crop.	  It	  can	  survive	  even	  
on	  the	  poorest	  soils	  in	  the	  driest	  regions,	  on	  highly	  saline	  soils	  and	  in	  the	  hottest	  
climates.	  It	  is	  annually	  grown	  on	  nearly	  30	  million	  hectares	  across	  the	  arid	  and	  
semi-­‐arid	  tropical	  and	  subtropical	  regions	  of	  Asia,	  Africa	  and	  Latin	  America.	  Pearl	  
millet	  is	  a	  staple	  food	  for	  more	  than	  90	  million	  people	  who	  live	  in	  the	  drier	  areas	  
of	  Africa	  and	  Asia.	  India	  is	  the	  largest	  single	  producer	  of	  pearl	  millet,	  both	  in	  terms	  of	  area	  (11	  
million	  hectares)	  and	  production	  (10	  million	  tons).	  The	  West	  and	  Central	  Africa	  (WCA)	  region	  has	  the	  
largest	  area	  under	  millets	  in	  Africa	  (17	  million	  hectares),	  of	  which	  more	  than	  90%	  is	  pearl	  millet.	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Sorghum	  is	  cultivated	  in	  the	  drier	  areas	  of	  Africa,	  Asia,	  the	  Americas	  and	  Australia.	  
Globally,	  it	  is	  the	  fifth	  most	  important	  cereal	  crop	  in	  area,	  and	  is	  the	  dietary	  staple	  
of	  more	  than	  500	  million	  people	  in	  more	  than	  30	  countries.	  Sorghum	  is	  a	  staple	  
across	  sub-­‐Saharan	  Africa	  and	  the	  northeastern	  horn	  of	  Africa,	  its	  primary	  center	  
of	  genetic	  diversity.	  The	  crop	  is	  extremely	  hardy	  and	  produces	  even	  under	  very	  
poor	  soil	  fertility	  conditions.	  It	  is	  adapted	  to	  a	  wide	  range	  of	  temperatures,	  and	  is	  thus	  found	  even	  at	  
high	  elevations	  in	  East	  Africa,	  overlapping	  with	  barley.	  It	  is	  adapted	  to	  a	  wide	  range	  of	  soil	  
conditions,	  ranging	  from	  sand	  dunes	  to	  waterlogging	  to	  residual	  moisture,	  and	  from	  salinity	  to	  
extremely	  low	  soil	  pH.	  It	  responds	  well	  to	  nutrients	  and	  water,	  and	  produces	  as	  high	  as	  17	  t/ha	  of	  
grain.	  The	  grain	  is	  mostly	  used	  for	  food	  purposes,	  and	  is	  consumed	  in	  the	  form	  of	  flat	  breads	  and	  
porridges	  (thick	  or	  thin,	  with	  or	  without	  fermentation).	  In	  addition	  to	  food	  and	  feed,	  sorghum	  is	  used	  
for	  a	  wide	  range	  of	  industrial	  purposes,	  including	  as	  starch	  for	  fermentation	  and	  as	  raw	  material	  for	  
bioenergy.	  Sorghum	  stover	  is	  a	  significant	  source	  of	  dry	  season	  fodder	  for	  livestock.	  It	  also	  serves	  as	  
construction	  material	  and	  is	  also	  used	  as	  fuel	  for	  cooking.	  	  
TARGET	  REGIONS	  AND	  COUNTRIES	  
Choosing	  regions	  on	  which	  to	  focus	  research	  for	  dryland	  cereals	  was	  based	  on	  two	  critical	  factors	  –	  
the	  level	  of	  poverty,	  hunger	  and	  malnutrition	  (Table	  2)	  and	  the	  area	  of	  production	  for	  each	  dryland	  
cereal.	  The	  result	  was	  a	  2	  x	  3	  matrix	  showing	  low	  and	  high	  areas	  of	  production	  versus	  low,	  medium	  
and	  high	  levels	  of	  poverty	  (Table	  3).	  Considering	  the	  geographical	  priorities	  expressed	  in	  the	  CGIAR	  
Strategy	  and	  Results	  Framework	  (SRF),	  regions	  were	  restricted	  to	  WCA,	  Eastern	  and	  Southern	  Africa	  
(ESA),	  Northern	  Africa	  (NA),	  Central	  and	  Western	  Asia	  (CWA)	  and	  South	  Asia	  (SA).	  Brazil	  and	  China	  
were	  not	  included,	  as	  these	  countries	  are	  not	  considered	  LIFDC.	  	  
	  
Table	  2.	  Population,	  poverty	  and	  malnutrition	  indicators,	  by	  region	  
Indicator1	   SA2	   WCA	   ESA	   NA	   CWA	   Total	  
Rural	  population	  (millions)	   1,166	   248	   285	   98	   113	   1,910	  
Urban	  population	  (millions)	   563	   194	   115	   104	   186	   1,162	  
Stunted	  children	  (millions)	   81	   14	   21	   3	   6	   125	  
Prevalence	  of	  stunting	   55%	   36%	   44%	   20%	   30%	   49%	  
Number	  of	  poor	  (millions	  
earning	  less	  than	  USD	  
1.25/day)	  
591	   150	   161	   5	   7	   914	  
Number	  of	  poor	  (millions	  
earning	  less	  than	  USD	  
2.00/day)	  
1,082	   210	   230	   26	   20	   1,568	  
1	  Rural	  and	  urban	  population	  estimates	  for	  2011	  were	  obtained	  from	  the	  United	  Nations,	  Department	  of	  Economic	  
and	  Social	  Affairs,	  Population	  Division	  (http://www.un.org/esa/population/).	  Statistics	  for	  the	  number	  of	  stunted	  
children,	  prevalence	  of	  stunting,	  and	  number	  of	  poor	  were	  extracted	  from	  datasets	  from	  the	  Generation	  
Challenge	  Program’s	  framework	  for	  priority	  setting	  (https://sites.google.com/site/gcpprioritysetting/Home).	  
2	  SA	  –	  South	  Asia,	  WCA	  –	  Western	  and	  Central	  Africa,	  ESA	  –	  Eastern	  and	  Southern	  Africa,	  NA	  –	  Northern	  Africa,	  CWA	  
–	  Central	  and	  Western	  Asia.	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Table	  3.	  Target	  crops	  according	  to	  area	  of	  production	  and	  regional	  poverty	  	  
(number	  in	  parentheses	  is	  cropped	  area	  in	  million	  hectares).	  
Area	  of	  
Production	  
Number	  of	  Poor	  (<USD	  2	  per	  day)	  












(>1	  M	  hectares)	  
Millet	  (12.1)	   Millet	  (16.8)	   Sorghum	  (10.8)	   Barley	  (3.6)	   Barley	  (7.4)	  
Sorghum	  (7.9)	   Sorghum	  (14.2)	   Millet	  (4.1)	   	   	  
Barley	  (2.5)	   	   Barley	  (1.1)	   	   	  
LOW	  	  
(<1	  M	  hectares)	  
	   Barley	  (0.5)	   	   Sorghum	  (0.1)	   Sorghum	  (0.5)	  
Millet	  (0.2)	  
1	  SA	  –	  South	  Asia,	  WCA	  –	  Western	  and	  Central	  Africa,	  ESA	  –	  Eastern	  and	  Southern	  Africa,	  NA	  –	  Northern	  Africa,	  	  
CWA	  –	  Central	  and	  Western	  Asia.	  
Given	  the	  CGIAR’s	  emphasis	  on	  poverty,	  hunger	  and	  improvement	  of	  livelihoods,	  Table	  3	  shows	  that	  
the	  regional	  focus	  of	  Dryland	  Cereals	  should	  be	  in	  South	  Asia,	  WCA	  and	  ESA	  for	  sorghum	  and	  millet;	  
and	  in	  CWA,	  NA,	  SA	  and	  ESA	  for	  barley.	  Based	  on	  crop	  statistics,	  all	  three	  dryland	  cereals	  (barley,	  
millet	  and	  sorghum)	  are	  important	  crops	  in	  these	  regions,	  with	  a	  significant	  overlap	  in	  ESA	  and	  South	  
Asia.	  Sorghum	  and	  millet	  are	  grown	  on	  limited	  areas	  in	  only	  a	  few	  countries	  in	  North	  Africa	  and	  
Central	  and	  West	  Asia,	  similar	  to	  barley	  in	  WCA.	  
Within	  these	  regions,	  targeting	  of	  specific	  countries	  was	  based	  on	  a	  number	  of	  factors	  including	  crop	  
area,	  yield	  gaps,	  rural	  and	  urban	  population,	  and	  demand	  (Table	  4	  and	  Appendix	  2).	  Because	  dryland	  
cereals	  are	  staples	  consumed	  within	  the	  country,	  demand	  is	  closely	  correlated	  with	  the	  area	  planted	  
(Table	  A3-­‐3	  in	  Appendix	  3).	  In	  each	  region,	  the	  highest	  priority	  countries	  are	  those	  with	  at	  least	  
500,000	  ha	  of	  a	  crop	  and	  are	  highlighted	  in	  Table	  4.	  These	  highlighted	  countries	  are	  considered	  focal	  
countries	  that	  serve	  a	  network	  of	  other	  countries	  (impact	  countries)	  not	  highlighted	  or	  included	  in	  
Table	  4.	  These	  additional	  countries	  can	  either	  be	  served	  through	  regional	  network	  activities,	  
spillovers	  of	  technology	  from	  neighboring	  countries	  and/or	  considered	  for	  targeted	  CRP	  research	  as	  
resources	  and	  priorities	  dictate	  in	  the	  future.	  Acquiring	  more	  up-­‐to-­‐date	  data	  to	  refine	  priorities	  for	  
dryland	  cereals	  is	  a	  major	  focus	  of	  the	  CRP	  during	  the	  first	  phase.	  	  
Table	  4.	  Target	  countries	  for	  each	  crop	  prioritized	  based	  on	  area	  cropped	  	  
(number	  in	  parentheses	  is	  cropped	  area	  in	  million	  ha;	  focus	  countries	  are	  shaded).	  
	   SA
1	   WCA	   ESA	   NA	   CWA	  
Barley	  
Iran	  (1.4)	   	   Ethiopia	  (1.0)	   Morocco	  (2.1)	   Turkey	  (2.9)	  
India	  (0.7)	   	   Eritrea	  (0.07)	   Algeria	  (0.9)	   Kazakhstan	  (1.6)	  
Afghanistan	  (0.3)	   	   Yemen	  (0.04)	   Tunisia	  (0.3)	   Syria	  (1.3)	  
	   	   	   	   Iraq	  (1.0)	  
	   	   	   	   Azerbaijan	  (0.2)	  
Millet	  
India	  (11.3)	   Niger	  (6.9)	   Sudan	  (2.2)	   	   	  
Pakistan	  (0.5)	   Nigeria	  (4.1)	   Uganda	  (0.5)	   	   	  
Nepal	  (0.3)	   Mali	  (1.5)	   Ethiopia	  (0.4)	   	   	  
	   Burkina	  Faso	  (1.4)	   Tanzania	  (0.3)	   	   	  
	   Senegal	  (1.0)	   	   	   	  
	   Chad	  (1.0)	   	   	   	  
	   Guinea	  (0.3)	   	   	   	  
Sorghum	  
India	  (7.7)	   Nigeria	  (5.7)	   Sudan	  (6.3)	   Yemen	  (0.5)	   	  
Pakistan	  (0.2)	   Niger	  (3.0)	   Ethiopia	  (1.6)	   	   	  
	   Burkina	  Faso	  (1.8)	   Tanzania	  (0.9)	   	   	  
	   Mali	  (1.1)	   Mozambique	  (0.5)	   	   	  
	   Chad	  (0.8)	   Somalia	  (0.4)	   	   	  
	   Cameroon	  (0.7)	   Eritrea	  (0.3)	   	   	  
	   Ghana	  (0.3)	   Uganda	  (0.3)	   	   	  
	   	   Zimbabwe	  (0.3)	   	   	  
1	  SA	  –	  South	  Asia,	  WCA	  –	  Western	  and	  Central	  Africa,	  ESA	  –	  Eastern	  and	  Southern	  Africa,	  NA	  –	  Northern	  Africa,	  	  
CWA	  –	  Central	  and	  Western	  Asia.	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In	  summary,	  Dryland	  Cereals	  will	  target	  its	  initial	  research	  efforts	  on:	  	  
 Barley	  in	  six	  countries	  in	  four	  
regions	  (Eastern	  and	  Southern	  
Africa,	  North	  Africa,	  Central	  and	  
West	  Asia,	  and	  South	  Asia,	  8.1	  
million	  ha	  or	  54%	  of	  the	  area	  
planted	  to	  barley	  in	  LIFDC)	  (Table	  
3);	  
 Millet	  (finger	  and	  pearl)	  in	  eight	  
countries	  in	  three	  regions	  (West	  
and	  Central	  Africa,	  Eastern	  and	  
Southern	  Africa,	  and	  South	  Asia,	  
27.5	  million	  ha	  or	  88%	  of	  area	  
planted	  to	  total	  millets	  in	  LIFDC);	  
and	  
 Sorghum	  in	  eight	  countries	  in	  
three	  regions	  (West	  and	  Central	  
Africa,	  Eastern	  and	  Southern	  
Africa,	  and	  South	  Asia,	  24.5	  million	  ha	  or	  76%	  of	  area	  planted	  to	  sorghum	  in	  LIFDC).	  	  
The	  total	  area	  planted	  to	  the	  three	  dryland	  cereals	  in	  our	  target	  countries	  is	  60.1	  million	  ha.	  We	  
recognize	  that	  within	  a	  ten-­‐year	  period	  we	  cannot	  see	  new	  technology	  adopted	  over	  this	  wide	  area.	  
We	  have	  therefore	  set	  ourselves	  the	  realistic	  target	  of	  improving	  productivity	  on	  one-­‐fifth	  of	  the	  
area	  under	  dryland	  cereals	  in	  these	  target	  countries,	  equivalent	  to	  11.8	  million	  ha	  (see	  Table	  A6-­‐5).	  
We	  estimate	  that	  this	  area	  is	  farmed	  by	  approximately	  5.8	  million	  farm	  households,	  with	  a	  total	  farm	  
population	  of	  34	  million	  (Table	  A6-­‐5).	  These	  farms	  and	  their	  family	  members	  will	  be	  the	  primary	  
beneficiaries	  of	  the	  CRP.	  Others	  will	  also	  benefit	  from	  the	  increase	  in	  the	  availability	  of	  food	  from	  
dryland	  cereals.	  We	  estimate	  that,	  over	  a	  ten-­‐year	  period,	  the	  increase	  in	  production	  that	  we	  have	  
projected	  would	  allow	  an	  additional	  39	  million	  households	  to	  meet	  30%	  of	  their	  energy	  
requirements	  from	  dryland	  cereals	  (Table	  A6-­‐7).	  	  
TWO	  TARGET	  GROUPS	  –	  SUBSISTENCE	  AND	  MARKET-­‐ORIENTED	  FARMERS	  
We	  recognize	  that	  farmers	  in	  our	  target	  regions	  are	  not	  homogenous	  but	  differ	  in	  important	  ways.	  
Specifically,	  differences	  in	  their	  resource	  base,	  priorities,	  and	  location	  determine	  whether	  they	  can	  
be	  characterized	  either	  as	  subsistence	  farmers	  growing	  cereals	  primarily	  for	  home	  consumption,	  or	  
farmers	  that	  are	  market-­‐oriented	  and	  growing	  cereals	  primarily	  for	  sale.	  
We	  also	  recognize	  that	  these	  two	  groups	  represent	  the	  extremes	  of	  a	  continuum	  rather	  than	  two	  
distinct	  categories.	  Subsistence	  farmers	  often	  sell	  some	  of	  their	  cereal	  crop,	  particularly	  in	  good	  
years,	  while	  market-­‐oriented	  farmers	  will	  normally	  consume	  part	  of	  their	  crop.	  Similarly,	  these	  
categories	  are	  not	  static	  and	  subsistence	  farmers	  may	  become	  market-­‐oriented.	  Over	  time,	  we	  
would	  expect	  the	  share	  of	  market-­‐oriented	  farmers	  to	  increase	  thanks	  to	  growing	  urban	  markets	  
and	  regional	  trade.	  Inclusive	  business	  models	  that	  target	  poorer	  farmers	  can	  also	  increase	  market	  
orientation	  among	  subsistence	  farmers.	  However,	  the	  broad	  distinction	  is	  useful	  because	  it	  has	  
important	  implications	  for	  the	  development	  and	  adoption	  of	  new	  technology.	  
Subsistence	  and	  market-­‐oriented	  farmers	  have	  different	  needs.	  Technology	  for	  subsistence	  farmers	  
should	  be	  designed	  to	  meet	  the	  needs	  of	  poor,	  hungry,	  and	  risk-­‐averse	  smallholder	  farmers	  eking	  
out	  a	  living	  on	  marginal	  lands.	  It	  should	  improve	  household	  food	  security,	  stabilize	  yields,	  reduce	  
risks	  and	  require	  little	  additional	  cash.	  Technology	  for	  market-­‐oriented	  farmers	  should	  meet	  market	  
requirements	  in	  terms	  of	  specific	  traits	  and	  stable	  production,	  and	  it	  may	  be	  more	  expensive	  and/or	  
have	  greater	  risks.	  	  
Figure	  1.	  Dryland	  Cereals	  target	  countries	  	  
and	  target	  States	  in	  India	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Subsistence	  and	  market-­‐oriented	  farmers	  also	  face	  different	  barriers	  and	  constraints.	  Subsistence	  
farmers	  usually	  have	  fewer	  resources,	  are	  short	  of	  capital,	  and	  have	  less	  access	  to	  improved	  seed	  
and	  information.	  Market-­‐oriented	  farmers	  have	  more	  resources,	  particularly	  capital,	  and	  generally	  
better	  access	  to	  new	  technology	  and	  information,	  but	  they	  may	  lack	  information	  on	  prices,	  grades	  





Figure	  2	  depicts	  how	  we	  conceptualize	  the	  continuum	  between	  these	  two	  target	  groups.	  The	  major	  
differences	  between	  subsistence	  and	  market-­‐oriented	  farmers	  lie	  in	  their	  production	  objectives	  and	  
in	  their	  vulnerability	  to	  shocks	  such	  as	  drought.	  Subsistence	  farmers	  prioritize	  food	  security	  over	  
cash	  income,	  and	  their	  vulnerability	  to	  shocks,	  such	  as	  drought,	  makes	  them	  more	  averse	  to	  risk.	  
This	  influences	  the	  type	  of	  technology	  they	  need.	  Generally,	  subsistence	  farmers	  will	  grow	  a	  higher	  
diversity	  of	  cereal	  varieties,	  choose	  varieties	  with	  multiple	  uses,	  and	  prefer	  open-­‐pollinated	  varieties	  
(OPVs)	  to	  more	  expensive	  hybrids.	  Both	  types	  of	  farmer	  value	  grain	  quality,	  but	  quality	  for	  
subsistence	  farmers	  is	  determined	  by	  family	  preferences	  rather	  than	  by	  market	  demand.	  Similarly,	  
subsistence	  and	  market-­‐oriented	  farmers	  face	  different	  barriers	  to	  adoption.	  Subsistence	  farmers	  
have	  less	  access	  to	  information,	  seed,	  fertilizer,	  credit,	  and	  to	  nearby	  markets	  that	  can	  generate	  cash	  
to	  buy	  these	  inputs.	  Consequently	  the	  yield	  gap,	  or	  the	  difference	  between	  the	  farmers’	  yield	  and	  
the	  potential	  yield,	  is	  greater	  on	  subsistence	  farms.	  	  
It	  is	  difficult	  to	  quantify	  the	  number	  of	  farmers	  in	  these	  two	  groups,	  as	  most	  data	  available	  does	  not	  
discriminate	  by	  subsistence	  versus	  market-­‐orientation.	  It	  is	  clear	  that	  the	  proportion	  will	  vary	  by	  
region,	  depending	  on	  the	  agrarian	  structure,	  the	  distance	  to	  markets,	  and	  the	  size	  of	  the	  markets	  for	  
grain,	  fodder,	  and	  other	  uses.	  In	  general	  terms,	  the	  share	  of	  market-­‐oriented	  farmers	  is	  higher	  in	  
South	  Asia	  and	  in	  CWANA,	  where	  markets	  are	  already	  better	  developed,	  and	  lower	  across	  sub-­‐
Saharan	  Africa,	  where	  the	  majority	  of	  farmers	  live	  far	  from	  urban	  markets,	  transport	  costs	  are	  high,	  
and	  new	  uses	  are	  in	  their	  infancy.	  However,	  rapid	  urbanization	  and	  growth	  in	  infrastructure	  in	  sub-­‐
Saharan	  Africa	  will	  mean	  that	  the	  potential	  for	  increasing	  the	  share	  of	  market-­‐oriented	  farmers	  will	  
Figure	  2.	  Characteristics	  of	  subsistence	  versus	  market-­‐oriented	  smallholder	  farmers	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increase.	  Nevertheless,	  within	  the	  period	  of	  this	  CRP,	  the	  majority	  of	  farmers	  in	  sub-­‐Saharan	  Africa	  
growing	  dryland	  cereals	  will	  remain	  subsistence	  farmers.	  
WHERE	  WE	  ARE	  NOT	  WORKING,	  AND	  WHY	  
As	  indicated	  in	  Tables	  3	  and	  4,	  Dryland	  Cereals	  will	  not	  be	  working	  everywhere	  its	  crops	  are	  grown.	  
Instead,	  resources	  will	  be	  focused	  on	  key	  countries	  in	  Africa	  (WCA,	  ESA	  and	  NA),	  Central	  and	  West	  
Asia,	  and	  South	  Asia.	  This	  is	  primarily	  based	  on	  four	  considerations:	  i)	  size	  of	  the	  area	  sown	  to	  
dryland	  cereals;	  ii)	  a	  principal	  focus	  on	  drier	  environments;	  iii)	  the	  availability	  of	  alternative	  
suppliers;	  and	  iv)	  the	  synergies	  being	  achieved	  with	  current,	  long-­‐standing	  partners.	  For	  example:	  
 In	  South	  Asia,	  we	  will	  not	  devote	  resources	  to	  research	  on	  finger	  millet	  or	  rainy	  season	  
sorghum,	  because	  ICAR	  along	  with	  SAUs	  is	  handling	  those	  as	  part	  of	  its	  own	  ongoing	  research	  
and	  development	  program.	  Instead,	  CRP	  resources	  will	  be	  allocated	  to	  research	  that	  will	  
benefit	  the	  large	  post-­‐rainy	  season	  sorghum	  area	  (more	  than	  4	  million	  ha)	  where	  yields	  are	  
lowest	  (0.6	  t/ha).	  Since	  the	  demand	  is	  high	  for	  sorghum	  as	  a	  fodder/forage	  crop,	  the	  CRP	  will	  
focus	  efforts	  on	  both	  grain	  and	  fodder	  value,	  and	  will	  evaluate	  potential	  other	  alternative	  
uses.	  However,	  because	  of	  the	  effective	  ICAR/ICRISAT	  collaboration	  on	  pearl	  millet	  –	  all	  of	  
which	  is	  grown	  during	  the	  rainy	  season	  –	  work	  in	  that	  crop	  will	  continue	  in	  the	  region	  using	  
CRP	  resources.	  And	  while	  the	  area	  of	  barley	  in	  the	  region	  is	  now	  relatively	  small	  (2.1	  million	  
ha),	  demand	  is	  increasing	  for	  barley	  as	  forage	  and	  as	  a	  cash	  crop	  (for	  malting).	  In	  addition,	  
because	  of	  its	  drought	  tolerance	  barley	  can	  perform	  reasonably	  well	  on	  residual	  moisture	  and	  
its	  earliness	  makes	  it	  a	  good	  fit	  for	  the	  current	  rotations	  being	  used.	  	  
 In	  Eastern	  and	  Southern	  Africa,	  the	  primary	  use	  of	  CRP	  resources	  will	  be	  for	  work	  targeting	  
9.3	  million	  hectares	  of	  sorghum	  in	  the	  region.	  Resources	  will	  also	  be	  devoted	  to	  over	  500,000	  
hectares	  of	  finger	  millet	  and	  the	  over	  one	  million	  hectares	  of	  highland	  barley.	  
 The	  large	  areas	  of	  pearl	  millet	  (14.9	  million	  ha)	  and	  sorghum	  (8.6	  million	  ha)	  will	  receive	  
considerable	  attention	  in	  West	  and	  Central	  Africa,	  though	  nearly	  2	  million	  hectares	  of	  
sorghum	  grown	  in	  the	  vast	  pastoral	  areas	  of	  the	  region	  will	  not	  be	  covered	  because	  the	  
sorghum	  grown	  in	  those	  areas	  is	  so	  spread	  out	  and	  remote,	  as	  to	  greatly	  reduce	  the	  
Program’s	  ability	  to	  address	  them	  all	  successfully.	  
 Barley	  will	  be	  the	  focus	  in	  the	  CWA	  (2.9	  million	  ha)	  and	  North	  Africa	  (2.1	  million	  ha	  regions	  
with	  the	  research	  resources	  flowing	  to	  the	  focal	  countries	  in	  each	  region	  to	  create	  spillovers	  
for	  regions	  and	  countries	  that	  are	  not	  a	  primary	  focus	  of	  the	  CRP,	  and	  where	  no	  finger	  millet	  
grown	  and	  only	  small	  amounts	  of	  pearl	  millet	  and	  sorghum	  are	  cultivated.	  	  
At	  the	  same	  time,	  we	  recognize	  that	  the	  global	  distribution	  of	  poverty	  is	  shifting	  from	  Asia	  to	  Africa	  
(Chandy	  and	  Gertz,	  2011).	  By	  2025,	  the	  ten	  countries	  with	  the	  largest	  population	  of	  poor	  people	  will	  
all	  be	  in	  Africa	  (Kharas	  and	  Rogerson,	  2012).	  Six	  of	  these	  countries	  –	  with	  a	  combined	  population	  of	  
183	  million	  poor	  people,	  and	  accounting	  for	  32%	  of	  the	  world’s	  poor	  –	  are	  target	  countries	  for	  this	  
CRP.	  They	  include	  Nigeria	  and	  Sudan,	  Africa’s	  biggest	  sorghum	  producers,	  as	  well	  as	  Ethiopia,	  
Tanzania,	  Uganda,	  and	  Niger.	  Improving	  food	  security	  in	  these	  countries	  will	  be	  a	  high	  priority	  for	  aid	  
donors,	  and	  adoption	  of	  improved	  dryland	  cereals	  and	  associated	  technologies	  can	  make	  a	  vital	  
contribution	  to	  this	  objective.	  
THE	  PRODUCTION	  AND	  CONSUMPTION	  TRENDS	  FOR	  DRYLAND	  CEREALS	  
Over	  the	  period	  from	  1980	  to	  2010,	  world	  production	  of	  barley	  has	  declined	  by	  2%	  per	  year,	  with	  a	  
steady	  downward	  trend	  from	  the	  1990s.	  Over	  the	  same	  period,	  world	  production	  of	  sorghum	  has	  
also	  shown	  a	  steady	  decline,	  averaging	  3%	  per	  year.	  Millets	  have	  shown	  weak	  growth	  in	  production,	  
averaging	  about	  1%	  (see	  Figure	  A3-­‐1	  in	  Appendix	  3).	  
When	  the	  targeted	  regions	  are	  compared	  to	  the	  Rest	  of	  the	  World	  (RoW),	  production	  has	  not	  always	  
followed	  global	  trends	  (see	  Table	  A3-­‐1	  and	  Figure	  A3-­‐2	  in	  Appendix	  3).	  While	  sorghum	  production	  in	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the	  RoW	  fell	  by	  5%	  per	  year	  between	  1980	  and	  2010,	  sorghum	  production	  has	  grown	  by	  7%	  per	  year	  
in	  WCA	  and	  by	  4%	  per	  year	  in	  ESA.	  Only	  in	  SA	  has	  sorghum	  production	  declined	  by	  5%	  per	  year.	  For	  
millet,	  production	  in	  the	  RoW	  fell	  by	  3%	  per	  year,	  but	  grew	  by	  7%	  per	  year	  in	  WCA,	  by	  5%	  per	  year	  in	  
ESA,	  and	  by	  1%	  per	  year	  in	  SA.	  Finally,	  barley	  production	  in	  the	  RoW	  fell	  by	  3%	  per	  year.	  However,	  
barley	  production	  has	  grown	  by	  1%	  per	  year	  in	  CWANA,	  4%	  in	  ESA	  and	  1%	  in	  SA.	  	  
In	  summary,	  a	  regional	  perspective	  does	  not	  support	  a	  universal	  picture	  of	  falling	  or	  weak	  demand	  
for	  dryland	  cereals.	  WCA	  and	  ESA	  show	  strong	  production	  growth	  in	  sorghum	  and	  millets,	  which	  
suggests	  rising	  demand.	  Similarly,	  CWANA,	  ESA	  and	  SA	  show	  positive	  production	  growth	  for	  barley,	  
which	  also	  suggests	  increasing	  demand.	  The	  perception	  that	  demand	  for	  dryland	  cereals	  is	  falling	  
may	  reflect	  trends	  in	  SA,	  where	  there	  has	  been	  negative	  growth	  in	  the	  production	  of	  sorghum	  and	  
only	  weak	  growth	  in	  the	  production	  of	  millets	  and	  barley.	  Even	  these	  trends,	  however,	  conceal	  very	  
different	  trajectories	  between	  the	  rainy	  and	  post-­‐rainy	  seasons.	  
Sources	  of	  production	  trends	  
The	  increase	  in	  sorghum	  and	  millet	  production	  in	  
WCA	  and	  ESA	  between	  1980	  and	  2010	  was	  due	  
primarily	  to	  an	  increase	  in	  the	  area	  planted,	  rather	  
than	  to	  an	  increase	  in	  yield	  (Table	  5,	  and	  see	  Table	  
A3-­‐2	  and	  Figures	  A3-­‐3	  to	  A3-­‐5	  in	  Appendix	  3).	  By	  
contrast,	  in	  SA	  yields	  of	  sorghum	  and	  millets	  have	  
risen.	  This	  suggests	  that	  new	  technology	  has	  had	  a	  
significant	  impact	  in	  raising	  yields	  in	  SA	  but	  not	  in	  
Africa.	  For	  barley,	  the	  increase	  in	  production	  in	  NA	  
and	  CWA,	  the	  biggest	  producing	  regions,	  has	  been	  
due	  to	  a	  slow	  growth	  in	  area	  and	  yield.	  Only	  in	  SA	  
has	  the	  increase	  in	  production	  been	  due	  entirely	  to	  
improvements	  in	  yield.	  	  
Future	  demand	  for	  dryland	  cereals	  
Projected	  trends	  to	  2050	  using	  the	  International	  
Model	  for	  Policy	  Analysis	  of	  Agricultural	  
Commodities	  and	  Trade	  (IMPACT)	  developed	  by	  
IFPRI	  for	  millet	  and	  sorghum	  suggest	  growth	  for	  these	  cereals	  in	  some	  regions	  (see	  Figure	  A3-­‐6	  in	  
Appendix	  3).	  Future	  demand	  for	  barley	  could	  not	  be	  estimated	  using	  the	  IMPACT	  model	  since	  this	  
crop	  is	  not	  specified	  separately	  but	  included	  in	  ‘other	  cereals’.	  	  
Aggregate	  demand	  for	  sorghum	  contrasts	  between	  the	  regions.	  Between	  2000	  and	  2050,	  total	  
demand	  will	  grow	  strongly	  in	  WCA,	  which	  will	  account	  for	  most	  of	  the	  demand	  for	  sorghum	  in	  the	  
three	  regions	  by	  2050.	  Demand	  is	  also	  projected	  to	  grow	  in	  ESA,	  where	  production	  of	  sorghum	  will	  
overtake	  SA	  by	  2030.	  In	  contrast,	  total	  demand	  for	  sorghum	  in	  SA	  is	  virtually	  flat.	  
Aggregate	  demand	  for	  millets	  differs	  from	  that	  for	  sorghum.	  In	  WCA,	  demand	  for	  millets	  will	  grow	  
strongly	  and	  by	  2050,	  WCA	  will	  account	  for	  most	  of	  the	  demand	  for	  millet	  in	  the	  three	  regions.	  
Demand	  for	  millets	  will	  also	  grow	  in	  ESA,	  though	  less	  strongly	  and	  from	  a	  relatively	  low	  base,	  and	  
unlike	  sorghum	  demand,	  does	  not	  overtake	  SA.	  Starting	  at	  almost	  the	  same	  level	  as	  WCA	  in	  2000,	  
demand	  in	  SA	  is	  not	  expected	  to	  increase	  significantly.	  
Per	  capita	  demand	  
There	  is	  a	  perception	  that	  per	  capita	  consumption	  of	  sorghum	  and	  millets	  will	  decline	  over	  time	  as	  
consumers	  switch	  to	  more	  preferred	  cereals.	  The	  IMPACT	  model	  indicates	  that	  for	  sorghum,	  per	  
capita	  demand	  will	  grow	  strongly	  in	  WCA	  from	  below	  24	  kg	  in	  2010	  to	  28	  kg	  in	  2050,	  and	  from	  10	  to	  
12	  kg	  in	  ESA	  (see	  Figure	  A3-­‐7	  in	  Appendix	  3).	  Only	  in	  SA	  is	  per	  capita	  demand	  expected	  to	  decline	  
Table	  5.	  Regional	  production,	  yield	  and	  area	  
trends	  for	  dryland	  cereals.	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slightly	  from	  3.3	  to	  3.0	  kg.	  For	  millet,	  per	  capita	  demand	  is	  expected	  to	  rise	  in	  WCA	  from	  25	  kg	  to	  28	  
kg	  by	  2050.	  In	  ESA,	  demand	  will	  rise	  slightly	  from	  3.6	  kg	  to	  5.5	  kg,	  while	  in	  SA	  per	  capita	  demand	  will	  
decline	  from	  4.2	  kg	  to	  3.5	  kg.	  
Thus,	  the	  perception	  that	  per	  capita	  demand	  for	  sorghum	  and	  millets	  will	  decline	  in	  the	  future	  is	  
only	  partly	  true.	  In	  WCA,	  sorghum	  and	  millets	  are	  staple	  cereals	  and	  the	  supply	  of	  alternative	  cereal	  
crops	  is	  limited.	  In	  the	  absence	  of	  alternatives,	  per	  capita	  demand	  will	  rise	  because	  of	  rising	  incomes.	  
In	  SA	  and	  ESA,	  per	  capita	  consumption	  of	  sorghum	  and	  millets	  is	  low,	  reflecting	  competition	  from	  
rice	  and	  maize.	  Despite	  this,	  per	  capita	  demand	  for	  sorghum	  and	  millets	  will	  rise	  in	  ESA,	  suggesting	  
that	  consumers	  find	  these	  crops	  attractive	  to	  buy.	  Only	  in	  SA	  will	  per	  capita	  demand	  for	  both	  
sorghum	  and	  millets	  decline,	  conforming	  to	  the	  perception	  that	  consumers	  are	  switching	  to	  other	  
cereals	  (see	  Appendix	  4	  for	  detailed	  description	  of	  per	  capita	  trends	  in	  India).	  
Urban	  versus	  rural	  demand	  
There	  is	  also	  a	  perception	  that	  demand	  for	  sorghum	  and	  millets	  declines	  with	  urbanization.	  For	  
sorghum,	  the	  IMPACT	  model	  does	  indicate	  that	  in	  all	  three	  regions,	  urban	  consumers	  eat	  less	  than	  
rural	  consumers,	  although	  the	  gap	  in	  WCA,	  the	  biggest	  consuming	  region,	  is	  smaller	  than	  in	  ESA	  and	  
SA	  (see	  Figure	  A3-­‐8	  in	  Appendix	  3).	  However,	  the	  trends	  in	  per	  capita	  demand	  for	  sorghum	  are	  the	  
same	  for	  both	  rural	  and	  urban	  consumers.	  In	  WCA	  and	  ESA,	  urban	  per	  capita	  consumption	  is	  
expected	  to	  rise.	  In	  SA,	  per	  capita	  demand	  for	  sorghum	  will	  decline	  over	  time,	  but	  at	  the	  same	  rate	  
for	  both	  urban	  and	  rural	  consumers.	  
Similarly,	  the	  IMPACT	  model	  shows	  that	  urban	  consumers	  eat	  less	  millet	  than	  rural	  consumers;	  the	  
gap	  in	  WCA,	  the	  biggest	  consuming	  region,	  is	  sizeable,	  with	  urban	  consumers	  averaging	  6	  kg	  less	  
than	  rural	  consumers.	  Again,	  the	  trends	  in	  per	  capita	  demand	  are	  the	  same	  for	  both	  urban	  and	  rural	  
consumers.	  In	  WCA	  and	  ESA,	  per	  capita	  consumption	  rises,	  while	  declining	  in	  SA.	  
The	  analysis	  suggests	  that	  since	  urban	  consumers	  eat	  less	  sorghum	  and	  millet,	  urbanization	  will	  
reduce	  demand	  for	  these	  cereals.	  But	  the	  trend	  in	  consumption	  per	  capita	  is	  positive	  for	  both	  urban	  
and	  rural	  areas	  suggesting	  that,	  despite	  a	  lower	  level	  of	  consumption,	  demand	  from	  urban	  
consumers	  will	  remain	  strong.	  
Demand	  for	  non-­‐food	  grain	  uses	  
Rather	  than	  being	  driven	  by	  the	  need	  for	  food	  security,	  it	  is	  often	  stated	  that	  “the	  big	  driver	  of	  
demand	  for	  dryland	  cereals	  is	  now	  non-­‐food	  uses”.	  The	  IMPACT	  model	  shows	  that	  non-­‐food	  uses	  of	  
sorghum	  grain	  accounted	  for	  about	  20-­‐30%	  of	  utilization	  in	  2000-­‐05	  (see	  Figure	  A3-­‐9	  in	  Appendix	  3).	  
Non-­‐food	  use	  is	  greater	  in	  WCA	  and	  ESA,	  where	  sorghum	  is	  being	  used	  for	  brewing,	  than	  in	  SA,	  
where	  non-­‐food	  uses	  account	  for	  about	  10%	  of	  the	  total.	  Over	  time,	  the	  share	  of	  sorghum	  allocated	  
to	  non-­‐food	  uses	  is	  projected	  to	  increase.	  For	  example,	  in	  SA	  there	  will	  be	  a	  rise	  in	  the	  share	  of	  
sorghum	  used	  for	  feed.	  In	  all	  three	  regions,	  however,	  the	  majority	  share	  of	  sorghum	  will	  continue	  to	  
be	  used	  for	  food.	  In	  WCA,	  the	  biggest	  producing	  region,	  the	  share	  of	  sorghum	  used	  for	  food	  is	  75%.	  
The	  picture	  for	  millets	  is	  similar.	  Non-­‐food	  uses	  account	  for	  about	  20-­‐30%	  of	  utilization,	  and	  this	  is	  
not	  projected	  to	  change	  significantly.	  Again,	  most	  millets	  are	  used	  for	  food.	  	  
The	  low	  share	  of	  sorghum	  and	  millet	  for	  non-­‐food	  uses	  is	  surprising	  given	  the	  attention	  devoted	  to	  
the	  demand	  from	  the	  livestock	  feed	  and	  brewing	  industries.	  However,	  the	  share	  allocated	  to	  non-­‐
food	  uses	  in	  the	  IMPACT	  model	  is	  based	  on	  FAO	  data	  from	  the	  base	  period	  (2000-­‐05).	  This	  share	  
remains	  constant	  for	  the	  projection	  to	  2050.	  If	  this	  share	  is	  underestimated	  or	  changes	  significantly	  
between	  2000	  and	  2050,	  then	  the	  IMPACT	  model	  will	  not	  give	  accurate	  projections	  of	  trends	  in	  
future	  demand	  for	  non-­‐food	  uses	  of	  sorghum	  and	  millets.	  
Recent	  studies	  by	  ICRISAT	  for	  sorghum	  and	  pearl	  millet	  in	  India	  reveal	  that	  about	  30%	  of	  sorghum	  
and	  50%	  of	  pearl	  millet	  production	  is	  now	  allocated	  to	  non-­‐food	  uses	  (Parthasarthy	  Rao	  et	  al.	  2010;	  
Basavaraj	  and	  Parthasarathy,	  2011).	  We	  do	  not	  have	  comparable	  information	  for	  WCA	  or	  ESA,	  but	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although	  demand	  from	  commercial	  brewers	  and	  feed	  industries	  is	  growing	  it	  still	  accounts	  for	  a	  
relatively	  small	  share	  of	  total	  demand.	  For	  example,	  the	  demand	  for	  sorghum	  by	  Nile	  Breweries	  
Limited	  in	  Uganda	  in	  2011	  was	  11,000	  t,	  which	  was	  less	  than	  3%	  of	  national	  sorghum	  production.	  
However,	  demand	  is	  growing	  and	  the	  24,000	  t	  purchased	  by	  East	  African	  Breweries	  in	  Kenya	  in	  2011	  
was	  equivalent	  to	  roughly	  one-­‐quarter	  of	  national	  production.	  Most	  of	  this	  was	  sourced	  from	  
Uganda	  and	  Tanzania,	  increasing	  regional	  trade.	  
Comparing	  projected	  supply	  with	  demand	  
Supply	  projections	  based	  on	  expected	  changes	  in	  yield	  were	  estimated	  based	  on	  expert	  opinion.	  
Based	  on	  the	  estimates	  made	  by	  plant	  breeders	  and	  agronomists,	  we	  calculated	  (1)	  the	  additional	  
yield	  expected	  from	  crop	  improvement	  and	  from	  crop	  management	  and	  (2)	  the	  expected	  adoption	  
rate	  for	  new	  technology.	  Together,	  these	  gave	  an	  estimate	  of	  the	  increase	  in	  supply	  expected	  from	  
new	  technology	  over	  a	  ten-­‐year	  period.	  	  
The	  credibility	  of	  expert	  opinion	  was	  evaluated	  by	  comparing	  this	  projected	  increase	  in	  supply	  with	  
the	  projected	  increase	  in	  total	  demand	  estimated	  by	  the	  IMPACT	  model.	  Since	  barley	  is	  not	  included	  
as	  a	  separate	  crop	  in	  the	  IMPACT	  model,	  we	  were	  unable	  to	  compare	  supply	  and	  demand	  for	  barley.	  
Estimates	  are	  available	  only	  for	  sorghum	  and	  millet	  for	  each	  of	  the	  three	  regions.	  	  
Generally	  for	  the	  three	  regions,	  sorghum	  supply	  and	  demand	  were	  closely	  aligned	  (Table	  6,	  Figure	  
A3-­‐10	  in	  Appendix	  3).	  Demand	  exceeded	  supply	  by	  2	  million	  tons,	  suggesting	  that	  supply	  projections	  
were	  conservative.	  At	  the	  regional	  level,	  supply	  and	  demand	  projections	  were	  closely	  aligned	  except	  
for	  ESA,	  where	  demand	  exceeded	  supply.	  For	  millet	  across	  the	  three	  regions,	  supply	  exceeded	  
demand	  by	  5	  million	  tons,	  largely	  due	  to	  SA	  where	  supply	  exceeded	  demand	  by	  4	  million	  tons.	  This	  
reflected	  experts’	  opinion	  about	  the	  potential	  for	  expansion	  of	  pearl	  millet	  hybrids.	  
Table	  6.	  Comparison	  of	  sorghum	  and	  millet	  supply	  and	  demand	  projections	  (000	  mt)	  
	   Sorghum	   Millet	  
	   Demand	   Supply	   Demand	   Supply	  
WCA	   15,722	   15,879	   16,779	   17,733	  
ESA	   9,224	   6,749	   2,094	   2,101	  
SA	   8,818	   9,271	   10,379	   14,756	  
Total	   33,764	   31,899	   29,252	   34,600	  
	  
CONSTRAINTS	  TO	  ADOPTION	  OF	  DRYLAND	  CEREALS	  
Adoption	  constraints	  for	  dryland	  cereals	  were	  based	  on	  a	  review	  of	  numerous	  published	  adoption	  
studies	  in	  WCA,	  ESA,	  and	  SA	  and	  for	  barley	  in	  CWANA	  (see	  Appendix	  5).	  While	  comparing	  adoption	  
levels	  across	  countries	  is	  problematic	  because	  the	  studies	  were	  not	  made	  in	  the	  same	  year,	  several	  
broad	  conclusions	  do	  emerge.	  
Adoption	  levels	  of	  sorghum	  in	  Africa	  range	  from	  0%	  to	  a	  high	  of	  36%	  in	  Zimbabwe	  (see	  Figure	  A5-­‐1	  in	  
Appendix	  5).	  In	  SA,	  the	  level	  of	  sorghum	  adoption	  in	  the	  post-­‐rainy	  season	  (20%)	  is	  comparable	  with	  
levels	  reached	  in	  Africa,	  but	  the	  adoption	  level	  for	  rainy-­‐season	  sorghum	  has	  reached	  90%.	  For	  
millet,	  adoption	  levels	  in	  Africa	  were	  similar,	  ranging	  from	  0%	  to	  30%,	  although	  a	  rate	  of	  49%	  was	  
recorded	  in	  Namibia.	  The	  highest	  level	  of	  adoption	  recorded	  for	  millet	  was	  65%	  in	  SA.	  Adoption	  of	  
improved	  barley	  varieties	  in	  CWANA	  ranged	  from	  12%	  in	  Libya	  to	  67%	  in	  Jordan.	  	  
The	  perception	  of	  “low”	  adoption	  levels	  for	  dryland	  cereals	  needs	  qualification.	  Where	  conditions	  
are	  enabling,	  adoption	  levels	  for	  improved	  varieties	  are	  comparable	  with	  other	  cereal	  crops.	  The	  
major	  examples	  are	  rainy-­‐season	  sorghum	  in	  India	  (90%),	  pearl	  millet	  in	  India	  (65%)	  and	  pearl	  millet	  
in	  Namibia	  (49%).	  Variations	  within	  the	  same	  region	  and	  between	  neighboring	  countries	  suggest	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that	  considerable	  potential	  exists	  to	  increase	  the	  general	  level	  of	  adoption	  provided	  key	  constraints	  
can	  be	  overcome.	  	  
Adoption	  constraints	  
Farmers’	  ability	  and	  willingness	  to	  adopt	  improved	  technologies	  are	  affected	  by	  several	  important	  
constraints.	  These	  are	  summarized	  in	  Figure	  3	  with	  further	  details	  for	  specific	  regions	  and	  crops	  
provided	  in	  Appendix	  5.	  	  
Overall,	  the	  most	  important	  constraint	  to	  adoption	  of	  improved	  varieties	  of	  dryland	  cereals	  is	  access	  
to	  seed,	  followed	  by	  lack	  of	  information	  about	  the	  existence	  of	  these	  varieties.	  Once	  these	  
constraints	  have	  been	  overcome,	  others	  do	  become	  important.	  These	  include	  low	  yield	  and	  low	  soil	  
fertility,	  reflecting	  the	  marginal	  conditions	  in	  which	  these	  cereals	  are	  grown.	  This	  highlights	  the	  
importance	  of	  crop	  management	  interventions,	  without	  which	  improved	  seeds	  may	  have	  little	  or	  no	  
yield	  advantage	  over	  traditional	  varieties.	  Another	  key	  constraint	  is	  the	  risk	  of	  crop	  loss	  from	  pests,	  
diseases	  and	  birds.	  Early	  maturing	  varieties	  may	  suffer	  higher	  losses	  from	  pests.	  Finally,	  poor	  stover	  
quality	  and	  yield	  figure	  as	  a	  constraint	  for	  post-­‐rainy	  season	  sorghum	  in	  SA	  and	  for	  barley	  in	  CWANA,	  
highlighting	  their	  importance	  as	  dual-­‐purpose	  crops.	  
For	  post-­‐rainy	  season	  sorghum	  in	  SA,	  the	  top	  three	  adoption	  constraints	  relate	  to	  varietal	  traits	  (low	  
yield,	  grain	  and	  stover	  quality,	  and	  moisture	  stress).	  In	  contrast,	  in	  WCA	  and	  ESA	  the	  major	  adoption	  
constraint	  is	  lack	  of	  seed,	  followed	  by	  damage	  from	  birds	  (a	  consequence	  of	  short	  duration	  
varieties),	  and	  low	  soil	  fertility	  leading	  to	  low	  yields.	  	  
	  
Figure	  3.	  Adoption	  constraints	  for	  improved	  varieties	  of	  dryland	  cereals	  
Results	  for	  pearl	  millet	  in	  SA	  (primarily	  for	  hybrids)	  indicate	  that	  the	  top	  three	  adoption	  constraints	  
were	  lack	  of	  information,	  bird	  damage,	  and	  pests	  and	  diseases.	  In	  WCA	  (primarily	  for	  varieties),	  the	  
main	  constraints	  were	  lack	  of	  seed	  and	  information	  about	  improved	  varieties.	  The	  most	  important	  
adoption	  constraint	  for	  barley	  was	  access	  to	  seed	  of	  improved	  varieties,	  while	  poor	  straw	  
quality/yield,	  low	  grain	  yield,	  and	  the	  high	  price	  of	  certified	  seed	  were	  also	  important.	  
Farmer	  trait	  preferences	  
Another	  adoption	  constraint	  is	  the	  non-­‐availability	  of	  improved	  varieties	  with	  the	  specific	  traits	  that	  
farmers	  favor.	  Several	  studies	  about	  farmer	  preferences	  (see	  Figures	  A5-­‐2	  and	  A5-­‐3	  in	  Appendix	  5)	  
indicate	  that:	  
 High	  yield	  is	  the	  most	  important	  trait	  required	  for	  improved	  varieties	  of	  sorghum	  and	  pearl	  
millet	  in	  SA	  and	  WCA;	  
 Early	  maturity	  is	  the	  most	  important	  trait	  for	  pearl	  millet	  in	  ESA,	  and	  the	  second	  most	  
important	  trait	  required	  for	  sorghum	  in	  SA	  and	  pearl	  millet	  in	  WCA;	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 Drought	  resistance	  is	  important	  
for	  sorghum	  in	  SA	  and	  pearl	  
millet	  in	  WCA	  and	  ESA;	  
 Resistance	  to	  pests	  and	  diseases	  
is	  a	  requirement	  for	  sorghum	  
and	  millet	  in	  SA;	  and	  
 Farmers	  also	  want	  other	  traits,	  
including	  grain	  quality,	  
storability,	  and	  fodder	  quality.	  
In	  summary,	  improved	  varieties	  of	  
dryland	  cereals	  must	  be	  higher	  
yielding,	  but	  also	  have	  traits	  that	  make	  
them	  appropriate	  for	  semi-­‐arid	  
conditions	  (early	  maturity	  and	  drought	  
tolerance),	  depend	  on	  local	  conditions	  
(pest	  and	  disease	  resistance),	  and	  meet	  
specific	  user	  requirements	  (grain	  
quality).	  Adoption	  therefore	  requires	  a	  
large	  pool	  of	  improved	  varieties,	  
adapted	  to	  specific	  environments,	  from	  
which	  farmers	  can	  choose.	  There	  is	  no	  
silver	  bullet	  to	  accelerate	  adoption	  of	  
improved	  varieties	  of	  dryland	  cereals.	  
However,	  we	  can	  learn	  from	  (1)	  
success-­‐stories	  where	  new	  technology	  
for	  dryland	  cereals	  has	  been	  widely	  
adopted	  (see	  Success	  Story	  box),	  and	  
(2)	  innovative	  approaches	  that	  are	  
already	  working	  on	  a	  pilot	  scale	  (see	  
section	  on	  Program	  Innovations).	  
WHY	  WORK	  ON	  THESE	  CROPS	  UNDER	  A	  
SINGLE	  CRP?	  
Given	  their	  economic	  value	  and	  their	  
nutritional	  importance	  to	  the	  hundreds	  
of	  millions	  of	  people	  living	  in	  our	  target	  
areas,	  relatively	  limited	  resources	  have	  
been	  allocated	  to	  dryland	  cereals.	  
Working	  on	  them	  together	  enables	  us	  
to	  create	  a	  much-­‐needed	  minimum	  
critical	  mass	  in	  research	  aimed	  at	  
achieving	  research	  outcomes	  and	  
development	  impacts.	  This	  would	  be	  
much	  less	  likely	  if	  dryland	  cereals	  were	  
integrated	  into	  one	  or	  more	  other	  
CRPs.	  Such	  integration	  would	  likely	  
lead	  to	  competition	  for	  attention	  and	  
resources,	  rather	  than	  
complementarities	  and	  efficiencies.	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Pearl	  millet	  in	  Namibia	  
Seven	  years	  after	  its	  release,	  the	  improved	  variety	  Okashana	  1	  covered	  49%	  
of	  the	  area	  planted	  to	  pearl	  millet	  in	  Namibia.	  Success	  is	  attributed	  to	  the	  
following	  factors.	  
§ Access	  to	  ICRISAT’s	  global	  pearl	  millet	  genebank,	  which	  allowed	  
identification	  and	  release	  of	  an	  appropriate	  variety	  (ICTP	  8203)	  within	  
three	  years.	  
§ Farmer	  participation	  in	  variety	  testing,	  which	  ensured	  that	  Okashana	  1	  
met	  farmer	  preferences	  that	  included	  not	  just	  yield	  but	  early	  maturity,	  
taste	  and	  ease	  of	  pounding.	  
§ Public	  investment,	  which	  allowed	  rapid	  multiplication	  of	  seed	  by	  small-­‐
scale	  contract	  growers,	  and	  distribution	  and	  sale	  of	  seed,	  though	  at	  a	  
subsidized	  price.	  
§ Privatization	  of	  the	  national	  pearl	  millet	  seed	  supply	  through	  a	  Seed	  
Growing	  Cooperative,	  which	  provided	  seed	  to	  wholesale	  and	  retail	  
outlets.	  The	  Cooperative	  operates	  a	  revolving	  fund	  to	  produce	  seed,	  and	  
maintains	  a	  seed	  stock	  that	  is	  funded	  by	  Government	  (Rohrbach	  et	  al.	  
1999).	  
Pearl	  millet	  in	  India	  
Between	  1980	  and	  2007,	  the	  yield	  of	  pearl	  millet	  in	  India	  rose	  by	  64%,	  
increasing	  production	  by	  almost	  one-­‐third,	  and	  directly	  benefitting	  6	  million	  
households.	  Almost	  80%	  of	  the	  pearl	  millet	  area	  is	  planted	  to	  improved	  
varieties.	  Success	  was	  due	  to	  several	  factors,	  including	  the	  following.	  
§ Public	  investment	  in	  crop	  improvement,	  that	  resulted	  in	  development	  of	  
a	  range	  of	  pearl	  millet	  hybrids.	  ICRISAT	  targeted	  a	  key	  adoption	  
constraint	  –	  downy	  mildew	  –	  that	  led	  to	  the	  development	  of	  two	  hybrid	  
varieties	  (ICMH	  451	  and	  501)	  that	  were	  resistant	  to	  this	  disease.	  
Overcoming	  this	  constraint	  resulted	  in	  rapid	  adoption.	  
§ Private	  investment,	  which	  used	  ICMH	  451	  and	  501	  to	  develop	  a	  wide	  
range	  of	  hybrids.	  ICRISAT’s	  research	  was	  a	  public	  good,	  saving	  private	  
firms	  the	  time	  and	  cost	  required	  to	  develop	  in-­‐bred	  lines.	  In	  1981	  MBH-­‐
110	  (pearl	  millet)	  was	  the	  first	  private	  hybrid	  of	  any	  crop	  to	  be	  officially	  
released	  by	  the	  Government	  of	  India.	  By	  2007,	  over	  80%	  of	  the	  seed	  for	  
improved	  varieties	  originated	  in	  the	  private	  sector.	  More	  than	  50	  private	  
firms	  market	  approximately	  75	  hybrids	  of	  pearl	  millet.	  
§ Institutional	  innovations	  in	  the	  seed	  sector,	  including	  de-­‐regulation,	  a	  
new	  seed	  policy,	  and	  the	  introduction	  of	  truthfully	  labelled	  seed	  cleared	  
the	  way	  for	  privatization	  of	  the	  seed	  trade.	  	  
§ Strong	  market	  demand	  for	  pearl	  millet	  in	  semi-­‐arid	  regions	  where	  it	  
continues	  to	  be	  the	  staple	  food	  crop	  and	  from	  higher-­‐income	  consumers	  
aware	  of	  health	  and	  nutrition	  benefits	  (Pray	  and	  Nagarajan	  2010).	  
Conservation	  Agriculture	  in	  Zimbabwe	  	  
In	  Zimbabwe,	  the	  number	  of	  farmers	  adopting	  conservation	  agriculture	  rose	  
from	  under	  10,000	  in	  2004/5	  to	  130,000	  in	  2009/10.	  Although	  modest	  by	  
international	  standards,	  this	  increase	  in	  adoption	  was	  achieved	  despite	  
unfavorable	  political	  and	  economic	  conditions.	  There	  following	  were	  among	  
the	  several	  reasons	  for	  success.	  
§ Partnerships	  between	  ICRISAT	  and	  10	  NGOs,	  with	  ICRISAT	  providing	  
technical	  support	  on	  conservation	  agriculture	  and	  the	  NGOs	  providing	  
access	  to	  farm	  households	  in	  13	  districts	  across	  three	  regions.	  	  
§ The	  Protracted	  Relief	  Program	  (2004-­‐2010)	  that	  provided	  long-­‐term	  
donor	  funding	  for	  uptake	  of	  the	  new	  technology.	  Funding	  allowed	  
farmers	  access	  to	  seed	  and	  fertilizer	  from	  NGOs	  and	  to	  information	  on	  
conservation	  agriculture	  from	  government	  extension	  services.	  
§ Targeting	  semi-­‐arid	  districts	  where	  the	  main	  conservation	  agriculture	  
technology	  being	  promoted	  –	  digging	  planting	  basins	  to	  capture	  water	  
from	  the	  first	  rains,	  and	  allow	  precision	  application	  of	  manure	  and	  
inorganic	  fertilizer	  –	  would	  have	  the	  biggest	  impact.	  
§ Targeting	  poor	  and	  vulnerable	  households	  (including	  those	  headed	  by	  
women	  and	  affected	  by	  HIV/AIDS)	  who	  had	  the	  greatest	  incentive	  to	  use	  
low-­‐cost	  ways	  to	  improve	  household	  food	  security.	  Digging	  planting	  
basins,	  application	  of	  manure,	  topdressing,	  and	  timely	  weeding	  were	  
the	  most	  widely	  adopted	  practices.	  Adoption	  of	  conservation	  agriculture	  
on	  just	  0.6	  ha	  allowed	  households	  to	  become	  food-­‐secure.	  
§ Spontaneous	  adoption	  of	  conservation	  agriculture	  by	  non-­‐target	  
farmers,	  who	  saw	  the	  benefits	  to	  their	  neighbors	  (Mazvimavi	  et	  al.	  
2008).	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In	  addition	  to	  establishing	  a	  critical	  mass,	  a	  number	  of	  other	  characteristics	  make	  it	  more	  efficient	  
and	  effective	  to	  focus	  R4D	  initiatives	  on	  them	  under	  a	  single	  CRP.	  All	  four	  crops,	  for	  example,	  lend	  
themselves	  to	  similar	  breeding	  and	  development	  approaches,	  such	  as	  the	  use	  of	  genomic-­‐based	  
methods,	  the	  exploitation	  of	  heterosis	  (in	  sorghum	  and	  pearl	  millet),	  and	  participatory	  development.	  
There	  are	  also	  a	  number	  of	  common	  researchable	  issues	  associated	  with	  these	  crops,	  including,	  but	  
not	  limited	  to:	  
 Understanding	  the	  genetic	  tolerance	  of	  the	  four	  crops	  to	  such	  abiotic	  stresses	  as	  drought,	  
high	  (and	  low)	  temperatures,	  low	  soil	  fertility	  and	  high	  salinity,	  as	  well	  as	  their	  tolerance	  for	  
or	  resistance	  to	  pest	  and	  diseases,	  in	  order	  to	  provide	  solutions	  for	  future	  stresses	  due	  to	  
climate	  change;	  
 Exploring	  the	  potential	  for	  transferring	  those	  genetic	  tolerances	  and	  resistances	  to	  other	  
major	  food	  crops	  to	  improve	  their	  productivity	  and	  climate	  change	  readiness;	  
 Optimizing	  the	  combined	  production	  and	  quality	  of	  grain	  and	  stover	  to	  meet	  future	  livestock	  
demands	  for	  specific	  farming	  conditions;	  	  
 Developing	  labor	  saving	  technologies,	  given	  the	  limited	  availability	  of	  labor	  in	  sparsely	  
populated	  dryland	  areas;	  	  
 Addressing	  similar	  constraints	  faced	  by	  these	  crops	  regarding	  seed	  production,	  market	  
access,	  and	  production	  and	  market-­‐related	  policies;	  and	  	  
 Improving	  post-­‐harvest	  handling	  and	  processing	  for	  better	  shelf	  life	  and	  nutritional	  value.	  	  
All	  four	  crops	  are	  used	  in	  multiple	  ways	  –	  directly	  for	  food,	  as	  critically	  important	  sources	  of	  feed	  and	  
fodder	  for	  livestock,	  and	  increasingly	  for	  industrial	  purposes.	  Moreover,	  women	  play	  a	  prominent	  
role	  in	  the	  cultivation,	  processing	  and	  preparation	  of	  dryland	  cereals,	  which	  opens	  opportunities	  to	  
significantly	  and	  directly	  improve	  their	  wellbeing.	  	  
Barley,	  finger	  millet,	  pearl	  millet	  and	  sorghum	  all	  possess	  genetic	  yield	  stability	  and	  high	  levels	  of	  
water	  and	  nutrient-­‐use	  efficiency,	  traits	  that	  can	  reduce	  production	  risks	  for	  resource-­‐poor	  dryland	  
smallholders,	  especially	  in	  the	  face	  of	  climate	  change.	  These	  “climate-­‐smart”	  crops	  also	  have	  a	  
strong	  genetic	  tolerance	  for	  drought,	  high	  temperatures	  and	  soil	  salinity,	  as	  well	  as	  high	  levels	  of	  
resistance	  to	  pests	  and	  diseases.	  Thus,	  joint	  research	  on	  crop	  physiology	  and	  root	  characteristics	  will	  
accelerate	  the	  identification	  of	  causal	  factors	  for	  increased	  stress	  tolerance,	  leading	  to	  the	  efficient	  
development	  of	  more	  tolerant	  varieties.	  
Significant	  potential	  exists	  for	  capacity	  strengthening	  and	  skill	  development	  that	  is	  relevant	  to	  
working	  with	  all	  four	  crops.	  There	  are	  a	  number	  of	  organizations	  striving	  to	  address	  the	  need	  for	  
using	  improved	  seed	  and	  production	  practices,	  and	  to	  improve	  the	  capacity	  and	  knowledge	  of	  
farmers,	  post-­‐harvest	  processors,	  traders,	  research	  and	  development	  specialists,	  and	  policymakers.	  
While	  not	  currently	  well	  linked,	  all	  these	  organizations	  work	  in	  various	  ways	  to	  promote	  sustainable	  
improvements	  in	  the	  livelihoods	  of	  smallholders	  in	  dryland	  areas,	  strengthen	  dryland	  crop-­‐livestock	  
systems,	  and	  protect	  fragile	  soil	  and	  water	  resources.	  Dryland	  Cereals	  will	  provide	  a	  mechanism	  
through	  which	  the	  agendas	  and	  activities	  of	  many	  of	  these	  different	  organizations	  can	  be	  better	  
coordinated.	  	  
LESSONS	  WE	  HAVE	  LEARNED	  
A	  number	  of	  relevant	  lessons	  pertaining	  to	  the	  importance	  and	  practice	  of	  dryland	  cereals	  research	  
for	  development	  have	  emerged	  during	  the	  preparation	  of	  this	  proposal.	  These	  lessons,	  along	  with	  
the	  perceived	  challenges	  and	  opportunities	  for	  the	  Program	  described	  below,	  have	  helped	  shape	  our	  
research	  agenda.	  
 Dryland	  cereals	  can	  stabilize	  yields	  threatened	  by	  climate	  change	  and	  the	  likelihood	  of	  more	  
erratic	  rainfall	  patterns	  and	  higher	  temperatures	  in	  important	  production	  zones	  and	  cropping	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systems,	  including	  those	  where	  less	  resilient	  crops	  are	  currently	  grown.	  Even	  so,	  while	  these	  
crops	  are	  more	  reliable	  than	  alternatives	  in	  such	  harsh	  environments,	  dryland	  cereals	  are	  
already	  being	  pushed	  into	  areas	  where	  they	  cannot	  perform	  well;	  
 Adoption	  of	  improved	  dryland	  cereal	  technologies	  has	  been	  limited	  in	  the	  past	  by	  poor	  
farmer	  access	  to	  seed	  and	  relevant	  information;	  
 Seed	  and	  other	  inputs	  should	  be	  packaged	  in	  smaller,	  more	  affordable	  sizes	  to	  encourage	  
purchase	  by	  smallholders;	  
 Dryland	  cereal	  farmers’	  decisions	  about	  adopting	  improved	  varieties	  must	  take	  into	  account	  
multiple	  uses,	  consumer	  preferences,	  and	  the	  international	  and	  local	  markets	  for	  the	  crops	  –	  
a	  dynamic	  that	  is	  not	  yet	  well	  understood	  by	  researchers;	  
 Hybrids	  are	  proving	  viable	  in	  certain	  regions	  and	  countries,	  and	  there	  is	  significant	  private	  
sector	  interest	  in	  developing	  that	  market	  (mainly	  in	  India);	  
 The	  ongoing	  livestock	  revolution	  has	  important	  implications	  for	  dryland	  cereal	  demand,	  and	  
for	  how	  research	  should	  be	  focused	  (for	  example,	  because	  we	  now	  know	  that	  grain/stover	  
tradeoffs	  are	  minimal,	  we	  can	  give	  more	  research	  attention	  to	  improving	  the	  quantity	  and	  
quality	  of	  stover	  without	  sacrificing	  grain	  yield	  or	  quality);	  
 There	  is	  a	  renewed	  and	  growing	  interest	  in	  India	  in	  coarse	  grains	  and	  traditional	  recipes	  using	  
them,	  especially	  in	  urban	  areas;	  and	  
 Genomic	  technologies	  and	  tools	  have	  advanced	  rapidly	  in	  recent	  years	  and	  are	  applicable	  to	  
dryland	  cereal	  crops.	  In	  combination	  with	  better	  access	  to	  timely,	  accurate	  data	  and	  
information,	  the	  breeding	  of	  improved	  varieties	  can	  be	  greatly	  accelerated.	  
THE	  CHALLENGES	  AND	  OPPORTUNITIES	  FOR	  DRYLAND	  CEREALS	  
Beyond	  addressing	  the	  common	  researchable	  issues	  associated	  with	  dryland	  cereals	  that	  were	  
highlighted	  earlier,	  CRP	  partners	  have	  identified	  several	  other	  important	  challenges	  and	  
opportunities	  that	  should	  be	  tackled.	  
Sources	  of	  genes	  for	  stress	  tolerance	  and	  adapting	  to	  climate	  change	  	  
One	  of	  the	  principal	  wildcards	  facing	  global	  agriculture	  is	  the	  probable	  impact	  of	  global	  warming.	  
Recent	  studies	  suggest	  that	  the	  production	  of	  major	  commodities	  has	  declined	  since	  1980	  due	  to	  
global	  warming	  (Lobell	  et	  al.	  2011).	  Furthermore,	  it	  is	  estimated	  that,	  given	  current	  warming	  trends	  
in	  sub-­‐Saharan	  Africa,	  by	  mid-­‐century	  there	  could	  be	  declines	  as	  large	  as	  20%	  in	  the	  production	  of	  
major	  cereals,	  even	  including	  millet	  and	  sorghum	  (Schlenker	  and	  Lobell	  2010).	  The	  poor	  who	  depend	  
on	  agriculture	  for	  their	  livelihoods	  and	  are	  less	  able	  to	  adapt	  will	  be	  disproportionately	  affected	  
(World	  Bank	  2007).	  Climate-­‐related	  crop	  failures,	  fishery	  collapses	  and	  livestock	  deaths	  already	  
cause	  significant	  economic	  losses	  and	  undermine	  food	  security,	  and	  these	  are	  likely	  to	  become	  more	  
severe	  as	  global	  warming	  continues.	  A	  recent	  study	  estimates	  the	  annual	  costs	  of	  adapting	  to	  
climate	  change	  in	  the	  agricultural	  sector	  to	  be	  over	  USD	  7	  billion	  (Nelson	  et	  al.	  2009).	  	  
As	  environments	  that	  are	  currently	  considered	  favorable	  for	  agriculture	  become	  hotter	  and	  drier	  
over	  time,	  dryland	  cereals	  will	  become	  increasingly	  suited	  for	  production	  in	  areas	  where	  other	  crops	  
are	  now	  grown.	  The	  use	  of	  dryland	  cereals	  as	  cost-­‐effective	  alternatives	  should	  be	  accelerated	  
through	  increased	  investments	  and	  wider,	  more	  diverse	  partnerships	  to	  facilitate	  adaptation	  to	  
changing	  agro-­‐ecological	  conditions.	  A	  close	  partnership	  with	  CCAFS	  will	  ensure	  that	  Dryland	  Cereals	  
effectively	  targets	  improved	  technologies	  to	  the	  conditions	  of	  new	  dryland	  environments	  and	  
provides	  scientific	  data	  to	  enhance	  climate	  change	  models	  for	  dryland	  crops.	  
The	  looming	  threat	  of	  higher	  temperatures	  and	  more	  vicious	  droughts	  due	  to	  climate	  change	  is	  a	  
major	  concern.	  Fortunately,	  barley,	  millets	  and	  sorghum	  possess	  the	  most	  exceptional	  genetic	  traits	  
for	  climate-­‐related	  stress	  resistance	  that	  evolution	  has	  been	  able	  to	  engineer	  (e.g.,	  tolerance	  to	  such	  
major	  abiotic	  stresses	  as	  drought,	  water	  logging,	  heat,	  salinity	  and	  acid	  soils).	  At	  the	  same	  time,	  the	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CGIAR	  has	  unparalleled	  positioning	  on	  the	  genetics	  of	  these	  crops,	  with	  its	  extensive	  germplasm	  
collections	  and	  leading	  global	  plant	  breeding	  expertise	  focused	  on	  the	  needs	  of	  the	  developing	  
world.	  An	  enormous	  opportunity	  thus	  exists	  for	  the	  CGIAR	  and	  an	  expanded	  group	  of	  partners	  to	  
conduct	  strategic	  research	  and	  better	  tap	  the	  stress	  tolerances	  found	  in	  these	  crops.	  	  
Since	  the	  CGIAR’s	  work	  spans	  all	  the	  major	  staple	  cereals,	  the	  CG	  and	  its	  partners	  are	  ideally	  placed	  
to	  generate	  and	  foster	  such	  knowledge	  spillovers.	  In	  addition	  to	  the	  scientific	  gains,	  this	  could	  be	  a	  
mechanism	  for	  building	  stronger	  synergies	  and	  collaboration	  between	  the	  crop-­‐focused	  CGIAR	  
Centers.	  The	  Generation	  Challenge	  Program	  (GCP),	  an	  important	  partner	  in	  this	  CRP,	  was	  established	  
specifically	  for	  this	  purpose	  and	  has	  demonstrated	  significant	  progress	  towards	  the	  characterization	  
and	  use	  of	  genetic	  diversity.	  	  
Responding	  to	  the	  “Livestock	  Revolution”	  	  
Mixed	  crop-­‐livestock	  smallholder	  farming	  enterprises	  are	  commonly	  found	  in	  dryland	  zones,	  and	  the	  
nutritious	  crop	  residues	  produced	  by	  dryland	  cereals	  (especially	  sorghum,	  but	  also	  barley	  straw)	  are	  a	  
vital	  source	  of	  fodder	  for	  livestock.	  To	  date,	  however,	  little	  research	  has	  been	  done	  to	  increase	  the	  
quantity	  and	  nutritive	  quality	  of	  dryland	  crop	  residues.	  The	  traditional	  focus	  of	  research	  has	  been	  on	  
increasing	  the	  output	  of	  grain,	  and	  the	  value	  of	  the	  crop	  residue	  was	  of	  secondary	  interest.	  	  
Smallholder	  farmers,	  on	  the	  other	  hand,	  have	  a	  strong	  interest	  in	  their	  crop	  residues.	  In	  fact,	  the	  
widespread	  availability	  of	  crop	  residues	  and	  the	  extent	  of	  their	  use	  as	  livestock	  fodder	  mark	  them	  as	  a	  
strategic	  feed	  resource	  of	  the	  highest	  
order.	  Furthermore,	  it	  is	  very	  
important	  to	  realize	  that	  such	  
residues	  require	  no	  specific	  allocation	  
of	  water	  and	  land;	  they	  result	  simply	  
from	  growing	  crops	  whose	  primary	  
product	  is	  grain.	  Thus,	  any	  
improvement	  in	  the	  nutritive	  value	  of	  
crop	  residues,	  however	  small,	  can	  
have	  considerable	  value	  and	  impact.	  
There	  appears	  to	  be	  significant	  
genetic	  variability	  for	  grain	  yield,	  
stover	  and	  straw	  yield,	  and	  fodder	  
quality	  among	  the	  dryland	  cereals,	  
and	  there	  are	  weak	  negative	  
correlations	  among	  these	  attributes.	  
These	  variations	  came	  about	  largely	  
by	  chance,	  and	  existing	  genetic	  
variability	  can	  easily	  be	  exploited	  
through	  targeted	  breeding	  to	  
increase	  the	  productivity	  of	  mixed	  
crop-­‐livestock	  systems.	  The	  CRP	  will	  
give	  considerable	  attention	  to	  better	  
understanding	  the	  dynamics	  of	  the	  
livestock	  revolution	  as	  a	  demand	  
driver	  for	  dryland	  cereals,	  and	  to	  
research	  designed	  to	  improve	  the	  
quantity	  and	  quality	  of	  fodder	  (and	  
feed)	  in	  our	  target	  environments	  
while	  maintaining	  or	  improving	  grain	  
yields.	  
Benefits	  to	  Farmers	  –	  Sorghum	  Fodder	  in	  India	  
The	  growing	  demand	  for	  milk	  and	  meat	  products	  in	  India	  is	  generating	  
higher	  demand	  for	  feed	  and	  fodder	  (Parthasarathy	  Rao	  et	  al.	  2006).	  About	  
30%	  of	  sorghum	  stover	  in	  India	  is	  now	  being	  sold	  to	  dairies	  in	  urban	  and	  
peri-­‐urban	  areas.	  This	  case	  study	  highlights	  the	  importance	  of	  sorghum	  
stover	  in	  Hyderabad,	  India,	  where	  it	  is	  a	  major	  feed	  source	  (Tesfaye	  1998).	  
The	  Hyderabad	  market	  for	  sorghum	  stover	  (excluding	  stover	  from	  nearby	  
villages)	  is	  valued	  at	  USD	  3-­‐3.5	  million	  per	  year.	  	  
Benefits	  to	  small	  farmers:	  Stover	  selling,	  chopping,	  transporting,	  trading	  
and	  its	  use	  in	  dairy	  production	  support	  the	  livelihood	  of	  many	  people.	  
Unchopped	  stover	  is	  supplied	  by	  farmers	  within	  a	  100	  km	  radius	  of	  the	  city.	  
Chopped	  stover	  is	  supplied	  by	  farmers	  within	  a	  radius	  of	  400	  km	  of	  
Hyderabad,	  which	  includes	  other	  regions	  of	  Andhra	  Pradesh	  as	  well	  
Karnataka	  and	  Maharashtra.	  Chopping	  has	  widened	  the	  distribution	  of	  
benefits	  by	  allowing	  stover	  to	  be	  transported	  over	  long	  distances.	  The	  
number	  of	  farmers	  benefitting	  from	  stover	  markets	  is	  unknown.	  However,	  
62%	  of	  the	  sorghum	  growers	  in	  India	  cultivate	  less	  than	  2	  ha	  of	  land	  (GOI	  
2006).	  Farmers	  have	  benefitted	  from	  higher	  stover	  prices.	  Whereas	  in	  the	  
1970s,	  stover	  in	  Hyderabad	  was	  about	  one-­‐fourth	  the	  price	  of	  sorghum	  
grain,	  in	  2005	  sorghum	  stover	  was	  half	  the	  value	  of	  sorghum	  grain.	  
Collective	  investment	  in	  chopping	  machines	  would	  increase	  the	  prices	  that	  
farmers	  receive.	  In	  Maharashtra,	  where	  stover	  is	  transported	  to	  Pune	  and	  
Mumbai,	  the	  price	  of	  raw	  fodder	  averages	  3-­‐5	  Rupees	  (~USD	  0.10)/kg.	  The	  
cost	  of	  processing	  (cutting	  with	  machine,	  filling,	  bagging	  and	  loading)	  
averages	  0.65	  Rupees	  (<USD	  0.01)/kg.	  If	  farmers	  can	  collectively	  invest	  in	  a	  
fodder	  chopping	  equipment	  (available	  at	  USD	  2,000)	  and	  process	  the	  
fodder,	  they	  can	  gain	  an	  additional	  1	  Rupee	  (~USD	  0.02)/kg	  of	  fodder	  
(HOPE	  project,	  unpublished).	  Sorghum	  growers	  may	  also	  benefit	  by	  feeding	  
stover	  to	  their	  own	  cows.	  The	  HOPE	  baseline	  survey	  showed	  that,	  in	  2011,	  
net	  returns	  from	  sorghum	  averaged	  USD	  484/ha,	  compared	  to	  USD	  
1,241/ha	  when	  sorghum	  stover	  was	  kept	  and	  fed	  to	  dairy	  animals.	  
Benefits	  to	  consumers:	  The	  main	  consumer	  benefits	  are	  lower	  prices	  for	  
milk	  and	  meat	  products.	  These	  mainly	  accrue	  to	  better-­‐off	  consumers.	  
However,	  farmers	  who	  retain	  sorghum	  stover	  for	  their	  own	  dairy	  cows	  also	  
benefit	  by	  retaining	  milk	  for	  home	  consumption.	  In	  Maharashtra,	  the	  HOPE	  
baseline	  survey	  showed	  that	  farm	  households	  retained	  315	  liters/year	  for	  
household	  use.	  
Dryland	  Cereals	  –	  Program	  Focus	  and	  Justification	   25	  
Improving	  nutritional	  content	  
Increasing	  affluence	  is	  contributing	  to	  a	  rising	  demand	  in	  urban	  markets	  for	  value-­‐added	  products,	  
especially	  those	  with	  more	  nutritive	  value.	  Finger	  millet	  has	  high	  levels	  of	  iron	  and	  fiber	  and	  
exceptionally	  high	  levels	  of	  calcium.	  It	  also	  has	  better	  energy	  content,	  making	  it	  ideal	  for	  weaning	  
children,	  pregnant	  and	  nursing	  mothers	  (Shashi	  et	  al.	  2007).	  Moreover,	  it	  is	  being	  used	  as	  a	  
therapeutic	  food	  in	  programs	  for	  diabetics	  and	  people	  who	  cannot	  tolerate	  gluten.	  	  
During	  the	  last	  decade	  there	  has	  been	  
increasing	  interest	  in	  incorporating	  barley	  in	  
the	  human	  diet	  to	  improve	  health,	  mainly	  in	  
developed	  countries	  and	  in	  major	  urban	  
areas	  of	  developing	  countries.	  This	  is	  
boosting	  the	  development	  of	  food	  products	  
from	  barley	  and	  consumer	  interest	  in	  eating	  
them.	  The	  effectiveness	  of	  barley	  beta-­‐
glucans	  in	  lowering	  blood	  cholesterol	  and	  its	  
low	  glycaemic	  index	  in	  diets	  for	  Type	  II	  
diabetics	  is	  widely	  accepted.	  The	  
consumption	  of	  barley	  reduces	  the	  rate	  at	  
which	  glucose	  is	  released	  to	  the	  
blood	  (Björck	  et	  al.	  2000)	  causing	  a	  
reduction	  in	  the	  Glycaemic	  Index	  (GI).	  Beta-­‐
glucans	  derived	  from	  barley	  help	  reduce	  its	  
glycaemic	  response	  (Cavallero	  et	  al.	  2002).	  In	  
addition,	  barley	  is	  a	  rich	  source	  of	  tocols,	  
which	  are	  known	  to	  reduce	  serum	  LDL	  
cholesterol	  through	  their	  antioxidant	  action.	  
Food	  products	  made	  from	  hulless	  barley	  are	  
considered	  whole-­‐grain	  foods,	  and	  in	  North	  
and	  East	  Africa,	  producing	  and	  marketing	  
such	  processed	  foods	  is	  becoming	  a	  common	  
source	  of	  income	  for	  women.	  	  
Pearl	  millet	  and	  sorghum	  have	  inherently	  
higher	  content	  of	  important	  micronutrients,	  
such	  as	  iron	  and	  zinc.	  In	  addition	  ICRISAT	  and	  
its	  partners	  have	  recently	  identified	  varieties	  
with	  significantly	  higher	  micronutrient	  
content,	  which	  can	  help	  consumers	  avoid	  
micronutrient	  deficiencies.	  These	  two	  cereals	  are	  also	  reasonably	  good	  sources	  of	  protein	  and	  fat	  –	  
and	  thus	  fat-­‐soluble	  vitamins.	  Pearl	  millet	  and	  sorghum	  are	  gluten-­‐free,	  and	  like	  barley	  have	  low	  
glycaemic	  indices.	  
The	  CRP	  will	  pay	  particular	  attention	  to	  at	  least	  maintaining	  –	  and	  where	  possible,	  increasing	  –	  the	  
micronutrient	  content	  of	  dryland	  cereal	  grain.	  They	  will	  also	  work	  to	  improve	  the	  nutritional	  value	  of	  
stover	  and	  straw	  for	  use	  in	  smallholder	  mixed	  crop-­‐livestock	  systems.	  Consumers	  are	  learning	  more	  
about	  the	  advantages	  of	  consuming	  these	  traditional	  “coarse	  grain”	  cereals	  (see	  Box),	  and	  research	  
on	  post-­‐harvest,	  value	  adding	  processing	  is	  required	  to	  help	  ensure	  that	  some	  of	  the	  preferred,	  
traditional	  dishes	  can	  be	  made	  more	  readily	  available	  in	  urban	  markets.	  
Improving	  the	  delivery,	  availability	  and	  adoption	  of	  dryland	  cereals	  
A	  persistent	  challenge	  for	  dryland	  cereals	  is	  the	  lack	  of	  effective	  seed	  production	  and	  delivery	  
systems	  in	  many	  of	  our	  target	  areas,	  which	  limits	  the	  availability	  of	  improved	  varieties	  and	  related	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technologies	  and	  information	  for	  smallholders.	  Research	  will	  be	  done	  to	  more	  clearly	  identify	  the	  
constraints	  to	  establishing	  viable	  delivery	  systems	  and	  opportunities	  for	  overcoming	  them.	  The	  lack	  
of	  such	  systems	  also	  contributes	  to	  the	  poor	  adoption	  track	  record	  for	  improved	  dryland	  cereal	  
technologies.	  Another	  major	  factor	  limiting	  adoption	  is	  that	  our	  target	  farmers	  in	  general	  are	  among	  
the	  poorest	  of	  the	  poor	  and	  are	  farming	  marginal	  lands	  in	  harsh	  and	  unpredictable	  environments.	  
They	  can	  ill	  afford	  to	  take	  risks	  with	  new	  technologies.	  Thus,	  research	  aimed	  at	  more	  fully	  
understanding	  technology	  adoption	  dynamics	  under	  such	  risky	  circumstances	  will	  be	  done.	  Options	  
for	  increasing	  household	  incomes	  through	  value-­‐adding	  activities	  and	  better	  market	  access	  will	  also	  
be	  explored.	  
Scarcity	  of	  alternative	  suppliers	  
Although	  the	  importance	  of	  dryland	  cereal	  crops	  is	  increasingly	  recognized,	  only	  a	  few	  organizations	  
other	  than	  the	  CGIAR	  are	  investing	  in	  them.	  These	  are	  primarily	  public-­‐sector	  institutions,	  such	  as	  
INTSORMIL,	  and	  several	  universities	  in	  the	  USA,	  EU,	  UK	  and	  Australia.	  The	  private	  sector	  
understandably	  gives	  more	  priority	  to	  other	  crops	  with	  large	  cash	  markets,	  although	  a	  few	  do	  have	  
breeding	  programs	  focused	  on	  one	  or	  more	  dryland	  cereal.	  National	  governments	  in	  developing	  
countries	  do	  support	  work	  on	  barley,	  millets	  and	  sorghum,	  but	  usually	  on	  a	  relatively	  small	  scale.	  
Notable	  exceptions	  include	  EMBRAPA	  in	  Brazil	  and	  ICAR	  in	  India,	  both	  of	  which	  have	  significant	  
research	  programs	  because	  of	  the	  national	  importance	  of	  these	  cereals.	  Unfortunately,	  many	  of	  the	  
government	  institutions	  in	  countries	  where	  dryland	  cereals	  are	  important	  crops	  are	  woefully	  under-­‐
financed,	  especially	  in	  the	  poorest	  (and	  driest)	  nations.	  
There	  is	  strong	  evidence	  that	  the	  CGIAR	  can	  play	  an	  effective	  role	  in	  catalyzing	  the	  interest	  of	  the	  
private	  sector	  in	  dryland	  crops.	  The	  vigorous	  millet	  and	  sorghum	  private	  seed	  industry	  in	  India,	  for	  
example,	  openly	  credits	  ICAR,	  with	  the	  help	  of	  ICRISAT,	  as	  being	  responsible	  for	  their	  success.	  These	  
companies	  say	  they	  would	  not	  have	  been	  able	  to	  start	  profitable	  businesses	  without	  prior	  research	  
having	  created	  improved	  germplasm,	  particularly	  hybrids.	  In	  fact,	  they	  are	  now	  funding	  a	  significant	  
portion	  of	  ICRISAT’s	  hybrid	  improvement	  research	  in	  India,	  through	  annual	  consortium	  membership	  
fees.	  Such	  partnerships	  have	  transformed	  the	  way	  plant	  breeding	  is	  done	  by	  a	  number	  of	  CGIAR	  
centers	  operating	  in	  Asia,	  Africa	  and	  Latin	  America,	  and	  yet	  they	  present	  but	  a	  glimpse	  of	  what	  may	  
be	  achievable	  through	  creative	  arrangements	  with	  a	  more	  diversified	  array	  of	  R4D	  partners	  in	  the	  
future.	  	  
ROLES	  AND	  PRIORITIES	  OF	  THE	  KEY	  PARTNERS	  
Each	  initial	  Dryland	  Cereals	  research	  partner	  provides	  an	  interdisciplinary	  team	  of	  scientists	  and	  
strategic	  research	  locations,	  facilities	  and	  partnerships	  to	  address	  the	  key	  dryland	  cereal	  research	  
objective	  outlined	  in	  the	  following	  sections.	  The	  CRP	  will	  build	  on	  the	  existing	  collaborations,	  and	  will	  
establish	  and	  bring	  to	  Dryland	  Cereals	  new	  partners	  as	  research	  needs	  and	  opportunities	  arise.	  
Following	  are	  brief	  descriptions	  of	  what	  each	  initial	  partner	  brings	  to	  Dryland	  Cereals.	  
The	  International	  Crops	  Research	  Institute	  for	  the	  Semi-­‐Arid	  Tropics	  (ICRISAT,	  www.icrisat.org)	  
holds	  the	  CGIAR	  mandate	  for	  sorghum	  and	  millets,	  and	  operates	  research	  facilities	  in	  South	  Asia	  
(SA),	  Eastern	  and	  Southern	  Africa	  (ESA)	  and	  West	  and	  Central	  Africa	  (WCA).	  It	  brings	  to	  this	  CRP	  
expertise	  in	  sorghum	  and	  millet	  breeding,	  molecular	  genomics,	  agronomy,	  plant	  physiology,	  
entomology,	  plant	  pathology,	  seed	  systems	  and	  participatory	  approaches	  for	  technology	  
development	  and	  dissemination.	  It	  will	  also	  provide	  expertise	  in	  socio-­‐economics,	  gender	  research,	  
knowledge	  management,	  information	  technology,	  training	  and	  bioinformatics.	  It	  will	  enable	  strong	  
links	  with	  other	  CRPs	  through	  its	  involvement	  in	  these	  key	  CRPs	  (e.g.,	  Dryland	  Systems;	  Policies,	  
Institutes	  and	  Markets;	  A4NH;	  and	  CCAFS).	  
The	  International	  Center	  for	  Agricultural	  Research	  in	  the	  Dry	  Areas	  (ICARDA,	  www.icarda.org)	  has	  
a	  global	  mandate	  for	  the	  improvement	  of	  barley	  in	  developing	  countries	  and	  operates	  research	  
facilities	  in	  North	  Africa	  (NA)	  and	  West	  and	  Central	  Asia	  (WCA).	  It	  brings	  to	  the	  CRP	  expertise	  on	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barley	  genetic	  resources,	  molecular	  genomics,	  breeding	  and	  agronomy	  for	  stressful	  environments	  
with	  a	  focus	  on	  adaptation	  to	  abiotic	  stress	  such	  as	  drought,	  cold,	  heat	  and	  salinity,	  and	  associated	  
biotic	  stresses;	  and	  for	  cold	  winter	  areas	  with	  a	  focus	  on	  winter	  hardiness,	  and	  other	  associated	  
abiotic	  and	  biotic	  stresses.	  In	  particular,	  it	  will	  provide	  expertise	  on	  cereal	  quality,	  especially	  for	  
micronutrients	  and	  malting	  quality.	  As	  Lead	  Center	  for	  the	  CRP	  on	  Dryland	  Systems,	  it	  will	  enable	  key	  
linkages	  between	  the	  two	  CRPs.	  
The	  Generation	  Challenge	  Program	  (GCP,	  www.generationcp.org)	  was	  created	  by	  the	  CGIAR	  in	  2003	  
as	  a	  time-­‐bound	  10-­‐year	  research	  program	  involving	  a	  network	  of	  more	  than	  200	  partners	  drawn	  
from	  CGIAR	  Centers,	  academia,	  regional	  and	  national	  research	  programs,	  and	  capacity	  enhancement	  
to	  assist	  developing	  world	  researchers	  to	  tap	  into	  a	  broader	  and	  richer	  pool	  of	  plant	  genetic	  
diversity.	  In	  the	  context	  of	  this	  CRP,	  the	  GCP’s	  successful	  development	  of	  partnerships	  and	  its	  efforts	  
to	  develop	  an	  Integrated	  Breeding	  Platform	  (IBP)	  and	  associated	  innovative	  breeding	  projects	  on	  
various	  crops	  will	  be	  of	  tremendous	  value.	  Its	  collaborative	  research	  projects	  to	  develop	  improved	  
sorghum	  germplasm	  for	  acid	  soils	  and	  drought-­‐prone	  area	  s	  of	  East	  Africa	  will	  provide	  a	  solid	  
foundation	  for	  the	  CRP	  to	  conduct	  research	  in	  partnership	  with	  NARS	  in	  those	  areas.	  The	  IBP	  will	  
comprise	  a	  one-­‐stop-­‐shop	  providing	  access	  to	  genetic	  stocks,	  pre-­‐breeding	  materials,	  high	  
throughput	  services	  for	  marker	  and	  trait	  evaluation,	  informatics	  tools,	  support	  services,	  capacity	  
development	  and	  community	  support	  for	  conducting	  genomics	  research	  and	  integrated	  breeding	  
projects.	  Its	  projects	  on	  aluminum	  tolerance	  in	  sorghum,	  and	  the	  development	  and	  use	  of	  modern	  
genetic	  populations	  will	  enable	  rapid	  improvement	  of	  sorghum,	  especially	  in	  WCA.	  The	  IBP	  being	  a	  
portal	  for	  a	  large	  number	  of	  crops,	  it	  also	  provide	  a	  gateway	  for	  interaction	  between	  different	  crop	  
species,	  going	  beyond	  those	  of	  CRP3.6,	  for	  instance	  maize	  wheat	  and	  rice.	  
The	  Indian	  Council	  of	  Agricultural	  Research	  (ICAR,	  www.icar.org)	  is	  an	  autonomous	  organization	  
under	  the	  Department	  of	  Agricultural	  Research	  and	  Education	  (DARE),	  Ministry	  of	  Agriculture,	  
Government	  of	  India.	  ICAR	  offers	  quality	  and	  cost-­‐effective	  agricultural	  education	  to	  international	  
students	  at	  under-­‐graduate	  and	  post-­‐graduate	  levels.	  ICAR	  and	  its	  affiliates	  will	  contribute	  in	  nearly	  
all	  barley,	  pearl	  millet,	  and	  sorghum	  activities	  targeting	  South	  Asia.	  The	  All	  India	  Coordinated	  Pearl	  
millet	  Improvement	  project	  will	  conduct	  field	  trials	  to	  generate	  yield,	  and	  biotic/abiotic	  
resistance/tolerance	  data,	  and	  by	  contributing	  to	  in	  scientific	  capacity	  building	  and	  impact	  
assessment	  as	  well	  as	  organizing	  annual	  consultation	  meetings	  among	  pearl	  millet	  stakeholders,	  and	  
by	  coordinating	  variety	  release	  procedures	  for	  India.	  The	  Directorate	  of	  Sorghum	  Research	  (DSR)	  will	  
conduct	  field	  trials	  to	  generate	  yield,	  and	  biotic/abiotic	  resistance/tolerance	  data,	  and	  by	  
contributing	  to	  in	  scientific	  capacity	  building	  and	  impact	  assessment	  as	  well	  as	  organizing	  annual	  
consultation	  meetings	  among	  sorghum	  stakeholders,	  and	  by	  coordinating	  variety	  release	  procedures	  
for	  India.	  The	  Directorate	  for	  Wheat	  Research	  (DWR)	  coordinates	  wheat	  and	  barley	  research	  in	  India	  
and	  will	  coordinate	  all	  activities	  for	  barley	  improvement	  in	  SA,	  including	  field	  trials	  to	  generate	  yield,	  
and	  biotic/abiotic	  resistance/tolerance	  data,	  by	  contributing	  to	  in	  scientific	  capacity	  building	  and	  
impact	  assessment	  as	  well	  as	  organizing	  annual	  consultation	  meetings	  among	  finger	  millet	  
stakeholders,	  and	  by	  coordinating	  variety	  release	  procedures	  for	  India.	  
The	  Iranian	  Agricultural	  Research,	  Education	  and	  Extension	  Organization	  (AREEO,	  www.areeo.ir)	  is	  
the	  largest	  responsible	  body	  for	  agricultural	  research	  and	  education	  in	  Iran.	  AREEO	  will	  contribute	  to	  
the	  generation	  of	  barley	  lines	  and	  varieties	  adapted	  to	  the	  drylands	  and	  highlands	  of	  West	  Asia;	  its	  
excellent	  laboratory	  facilities	  for	  food,	  feed	  analysis,	  controlled	  environment	  facilities	  for	  the	  
analysis	  of	  abiotic	  stress	  tolerance	  (cold,	  salinity)	  at	  the	  Dryland	  Agricultural	  research	  Institute	  
(DARI),	  Tabriz	  and	  Seed	  and	  Plant	  Improvement	  Institute	  of	  Iran	  (SPII),	  Karaj;	  and	  through	  doubled	  
haploid	  production	  genetic	  analysis,	  and	  marker-­‐assisted	  selection	  at	  the	  Agricultural	  Biotechnology	  
Institute	  of	  Iran	  (ABRII),	  Karaj.	  
The	  L'institut	  de	  recherche	  pour	  le	  développement	  (IRD,	  www.ird.fr)	  is	  a	  public	  French	  science	  and	  
technology	  research	  institute	  under	  the	  joint	  authority	  of	  the	  French	  ministries	  in	  charge	  of	  research	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and	  overseas	  development.	  IRD	  will	  contribute	  basic	  research	  in	  pearl	  millet,	  including	  food	  
processing,	  primarily	  focused	  on	  West	  Africa;	  
The	  Centre	  de	  coopération	  internationale	  en	  recherché	  agronomique	  pour	  le	  développement	  
(CIRAD,	  www.cirad.fr/en)	  is	  a	  public	  industrial	  and	  commercial	  enterprise	  under	  the	  joint	  authority	  
of	  the	  Ministry	  of	  Higher	  Education	  and	  Research	  and	  the	  Ministry	  of	  Foreign	  and	  European	  Affairs.	  
CIRAD	  will	  contribute	  expertise	  on	  the	  characterization	  of	  the	  genetic	  diversity	  of	  sorghum	  and	  pearl	  
millet	  managed	  in	  situ	  by	  farmers,	  and	  definition	  of	  indicators	  for	  assessing	  genetic	  diversity;	  
implementation	  of	  the	  marker	  assisted	  recurrent	  selection	  (MARS)	  methodology	  with	  the	  national	  
sorghum	  breeding	  program	  in	  Mali;	  and	  by	  developing	  genetic	  material	  with	  combined	  properties	  of	  
high-­‐resolution	  genetic	  analysis	  and	  direct	  breeding	  applications	  in	  sorghum.	  CIRAD	  and	  IRD	  will	  
contribute	  new	  sampling	  and	  genetic	  characterization	  for	  sorghum,	  pearl	  millet	  germplasm	  in	  West	  
Africa;	  identifying	  genes/markers	  associated	  with	  adaptation	  to	  climate	  variation	  in	  sorghum	  and	  
pearl	  millet;	  and	  developing	  genomic	  resources	  for	  pearl	  millet	  and	  sorghum.	  CIRAD	  will	  contribute	  
to	  the	  development	  and	  intensive	  evaluation	  of	  photoperiod-­‐sensitive	  sorghum	  and	  pearl	  millet	  
varieties	  with	  reduced	  plant	  height,	  improved	  harvest	  index	  and	  adequate	  grain	  quality	  for	  Mali;	  and	  
with	  its	  capacities	  for	  feed	  quality	  analysis,	  as	  well	  as	  cereal	  markets	  research	  experience	  in	  West	  
Africa.	  CIRAD	  will	  also	  bring	  a	  different	  angle/experience	  into	  capacity	  building	  aspect,	  by	  its	  
involvement	  in	  target	  country	  through	  local	  hosting	  into	  NARS	  institution	  rather	  than	  having	  
research	  station	  like	  the	  CGIAR,	  thereby	  providing	  a	  different	  level	  of	  integration	  of	  CRP	  activities.	  	  
The	  USAID-­‐supported	  Collaborative	  Research	  Support	  Programs	  on	  dryland	  cereals	  (currently	  the	  
International	  Sorghum,	  Millet	  and	  Other	  Grains	  Collaborative	  Research	  Support	  Program,	  
INTSORMIL,	  www.intsormil.org)	  will	  be	  a	  critical	  partner	  in	  the	  Dryland	  Cereals	  CRP.	  INTSORMIL	  will	  
contribute	  to	  improvements	  in	  screening	  methodologies	  for	  Striga	  resistance	  and	  key	  sorghum	  
insect	  pests	  in	  WCA	  and	  ESA,	  and	  by	  providing	  expertise	  in	  cereal	  processing	  technologies	  and	  
analytical	  methods,	  and	  via	  its	  experience	  with	  managing	  cereal	  processing	  business	  incubators.	  In	  
particular,	  INTSORMIL	  will	  contribute	  to	  advanced/degree	  training	  opportunities	  for	  African	  students	  
and	  scientists,	  by	  its	  access	  to	  a	  large	  network	  of	  US	  universities.	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THE	  DRYLAND	  CEREALS	  IMPACT	  PATHWAY	  
An	  Impact	  Pathway	  represents	  a	  specific	  theory	  or	  model	  of	  how	  research	  will	  achieve	  impact.	  The	  
Strategy	  and	  Results	  Framework	  identifies	  three	  key	  stages	  in	  the	  outreach	  process:	  the	  
development	  and	  delivery	  of	  outputs,	  the	  co-­‐production	  of	  outcomes	  with	  those	  who	  will	  directly	  
use	  them,	  and	  engagement	  with	  those	  who	  deliver	  impacts	  to	  our	  ultimate	  beneficiaries	  –	  the	  
smallholder	  farmers	  of	  Africa	  and	  Asia.	  
Figure	  4	  provides	  a	  general	  overview	  of	  how	  the	  research	  outputs	  from	  Dryland	  Cereals	  will	  flow	  to	  
have	  outcomes	  at	  the	  research	  and	  developmental	  levels,	  ultimately	  resulting	  in	  impacts.	  The	  actors	  
include	  R4D	  partners	  (NARES,	  ARIs,	  IARCs	  and	  private	  sector	  entities),	  development	  and	  delivery	  
partners	  (which	  includes	  a	  range	  of	  NGOs,	  CSOs	  and	  private	  sector	  organizations),	  smallholder	  
farmers,	  small-­‐	  to	  medium-­‐sized	  agro-­‐enterprises	  and	  larger-­‐scale	  agro-­‐industries,	  through	  to	  rural	  
and	  urban	  consumers.	  Our	  development	  partners	  are	  the	  primary	  “delivery	  mechanism”	  for	  moving	  
better	  seed	  and	  other	  inputs,	  better	  agronomic	  practices,	  and	  better	  information	  and	  other	  
innovations	  into	  the	  hands	  of	  smallholder	  farmers,	  which	  will	  then	  allow	  them	  to	  improve	  their	  
farming	  operations	  and	  related	  processing	  and	  marketing	  activities.	  For	  many	  farmers	  –	  those	  mired	  
in	  a	  subsistence	  existence	  –	  this	  alone	  will	  be	  a	  big	  step	  towards	  finally	  being	  able	  to	  meet	  their	  own	  
household	  food	  needs.	  	  
	  
Figure	  4.	  Achieving	  impacts	  in	  Dryland	  Cereals	  –	  from	  research	  outputs	  to	  developmental	  impacts.	  
In	  order	  to	  have	  maximum	  impact,	  however,	  we	  need	  to	  help	  create	  an	  environment	  in	  which	  
smallholder	  farmers	  can	  produce	  marketable	  surpluses	  and	  in	  which	  they	  can	  gain	  access	  to	  more	  
efficient	  and	  effective	  markets,	  access	  that	  will	  transform	  surpluses	  into	  additional	  income	  and	  open	  
opportunities	  for	  establishing	  commercially	  viable	  SMEs	  and/or	  link	  directly	  with	  agro-­‐industries.	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Beyond	  that,	  we	  must	  work	  through	  development	  organizations,	  educational	  institutions	  and	  
governments	  to	  further	  educate	  consumers	  about	  the	  nutritional	  value	  of	  these	  crops,	  an	  
“awareness	  trend”	  that	  is	  already	  picking	  up	  speed	  in	  South	  Asia	  and	  holds	  similar	  promise	  in	  Africa,	  
especially	  in	  urban	  areas.	  As	  consumers	  increasingly	  partake	  of	  coarse	  grains,	  whether	  in	  the	  form	  of	  
traditional	  foods	  or	  as	  new,	  timesaving	  processed	  food	  products,	  the	  demand	  for	  additional	  surplus	  
production	  will	  continue	  to	  increase.	  	  
To	  provide	  a	  more	  detailed	  description	  of	  how	  Dryland	  Cereals	  will	  achieve	  impacts,	  we	  have	  chosen	  
to	  present	  two	  impact	  pathways:	  one	  for	  subsistence	  and	  one	  for	  market-­‐oriented	  farmers.	  These	  
highlight	  the	  challenges	  of	  developing	  technology	  and	  delivery	  systems	  for	  very	  different	  target	  
groups.	  To	  illustrate	  these	  challenges,	  we	  have	  based	  these	  impact	  pathways	  on	  real	  experience.	  The	  
first	  example	  –	  subsistence	  farmers	  –	  is	  based	  on	  experience	  with	  sorghum	  and	  millets	  in	  West	  
Africa.	  The	  second	  example	  –	  market-­‐oriented	  farmers	  –	  is	  based	  on	  experience	  with	  pearl	  millet	  in	  
India.	  Although	  these	  examples	  do	  not	  capture	  the	  variation	  in	  impact	  pathways	  for	  each	  of	  our	  
product	  lines,	  they	  highlight	  essential	  components	  of	  the	  innovation	  system	  that	  is	  required	  to	  reach	  
these	  target	  groups.	  
In	  specifying	  each	  impact	  pathway	  we	  have	  asked,	  “What	  has	  to	  happen	  to	  achieve	  significant	  
impact?”.	  The	  impact	  pathway	  for	  subsistence	  farmers	  shows	  the	  importance	  of	  addressing	  
information	  and	  seed	  supply,	  which	  are	  the	  major	  barriers	  identified	  by	  our	  review	  of	  adoption	  
studies.	  The	  impact	  pathway	  for	  market-­‐oriented	  farmers	  shows	  the	  importance	  of	  addressing	  
barriers	  that	  inhibit	  participation	  by	  the	  private	  sector	  in	  seed	  production	  and	  marketing.	  Without	  
innovative	  approaches	  to	  overcome	  these	  barriers,	  our	  product	  lines	  will	  not	  be	  widely	  adopted	  and	  
research	  will	  not	  have	  significant	  impacts	  on	  household	  food	  security	  or	  income.	  	  
IMPACT	  PATHWAY	  FOR	  SUBSISTENCE	  FARMERS:	  CEREALS	  IN	  WEST	  AFRICA	  
Three	  Product	  Lines	  (Sorghum	  for	  West	  Africa,	  Pearl	  Millet	  for	  East	  and	  West	  Africa,	  and	  Finger	  
Millet	  for	  East	  and	  Southern	  Africa)	  are	  specifically	  targeted	  at	  subsistence	  farmers	  to	  improve	  
household	  food	  security.	  Based	  on	  real	  experience,	  a	  successful	  impact	  pathway	  should	  include	  the	  
following	  components:	  
 Testing,	  adaptation,	  and	  learning	  about	  new	  technology	  through	  Farmer	  Field	  Schools,	  
managed	  by	  Farmer	  Organizations	  with	  many	  members	  that	  cover	  a	  wide	  area	  and	  function	  
as	  an	  extension	  service	  where	  this	  is	  weak	  or	  absent.	  	  
 Constraints	  on	  access	  to	  seed	  are	  overcome	  through	  Farmer	  Organizations	  that	  receive	  basic	  
seed	  from	  research	  and	  produce	  and	  distribute	  certified	  seed	  to	  farmers.	  Farmer	  
Organizations	  link	  up	  with	  small	  private	  seed	  distribution	  companies	  as	  new	  technology	  is	  
scaled	  out.	  
 Information	  constraints	  are	  overcome	  by	  linking	  research	  and	  Farmer	  Organizations	  with	  
local	  radio,	  and	  building	  capacity	  among	  NGOs	  to	  produce	  videos,	  film	  clips,	  and	  DVDs	  for	  
farmer	  groups.	  
 Capacity	  building	  of	  Farmer	  Organizations	  by	  large	  international	  NGOs	  that	  also	  assist	  smaller	  
national	  NGOs	  to	  scale	  out	  technology	  to	  other	  regions.	  
 Policy	  advocacy	  to	  change	  seed	  regulations	  and	  allow	  farmers	  to	  multiply	  seed	  for	  sale	  is	  led	  
by	  NGOs.	  	  
The	  arrows	  show	  the	  feedback	  loops	  and	  linkages	  between	  the	  key	  components.	  The	  main	  linkages	  
include:	  
 Collaboration	  between	  research	  and	  Farmer	  Organizations	  for	  testing	  and	  integrating	  
innovations;	  
 Linking	  rural	  radio	  with	  Farmer	  Organizations	  to	  deliver	  information	  about	  innovations	  to	  
smallholders;	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 Linking	  Farmer	  Organizations	  with	  small	  private	  companies	  to	  scale	  out	  access	  to	  improved	  
seed.	  
 Using	  Farmer	  Organizations	  to	  implement	  innovative	  input	  supply	  models	  (e.g.,	  warrantage)	  
that	  provide	  secure	  storage,	  credit,	  and	  access	  to	  quality	  inputs.	  	  
	  
	  
Figure	  5.	  Impact	  pathway	  for	  subsistence	  farmers:	  cereals	  in	  West	  Africa	  
	  
IMPACT	  PATHWAY	  FOR	  MARKET-­‐ORIENTED	  FARMERS:	  PEARL	  MILLET	  IN	  INDIA	  
Two	  product	  lines	  (Pearl	  Millet	  Hybrids	  for	  East	  Africa	  and	  Asia,	  and	  Sorghum	  Hybrids	  for	  South	  Asia)	  
are	  specifically	  targeted	  at	  market-­‐oriented	  farmers.	  Based	  on	  experience	  with	  pearl	  millet	  in	  India,	  a	  
successful	  impact	  pathway	  for	  hybrid	  seed	  may	  have	  the	  following	  components:	  
 Private	  seed	  companies	  and	  NARS	  develop	  and	  test	  hybrids	  based	  on	  parental	  lines	  from	  
ICRISAT.	  
 Private	  companies	  can	  sell	  ‘truthfully	  labeled’	  hybrids	  prior	  to	  official	  release.	  
 Private	  companies	  can	  market	  hybrids	  developed	  by	  the	  public	  sector.	  
 Hybrid	  seed	  is	  multiplied	  by	  smallholders	  contracted	  by	  seed	  companies,	  and	  distributed	  
through	  commercial	  retail	  networks.	  
 Retail	  networks	  provide	  feedback	  on	  performance	  of	  hybrids,	  spurring	  competition	  to	  
develop	  new	  products.	  	  
 Government	  subsidies	  reduce	  the	  cost	  of	  fertilizer	  and	  hybrid	  seed.	  
 Farmers	  in	  wetter	  areas	  sell	  hybrid	  grain	  and	  stover	  for	  cash	  income.	  
 Growing	  urban	  market	  for	  poultry	  and	  dairy	  products	  drives	  demand	  for	  feed	  and	  fodder.	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The	  arrows	  show	  the	  feedback	  loops	  and	  linkages	  between	  the	  key	  components.	  The	  main	  linkages	  
include:	  
 Competition	  between	  public	  and	  private	  sector	  partners	  in	  developing	  hybrids;	  
 Contracting	  of	  hybrid	  seed	  production	  to	  groups	  of	  smallholder	  farmers	  at	  village	  level;	  and	  
 Granting	  of	  exclusive	  marketing	  rights	  to	  private	  seed	  companies	  by	  public	  sector	  agencies,	  in	  
exchange	  for	  royalties.	  
	  
	  
Figure	  6.	  Impact	  pathway	  for	  market-­‐oriented	  farmers:	  pearl	  millet	  in	  India	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THE	  DRYLAND	  CEREAL	  PRODUCT	  LINES	  AND	  STRATEGIC	  COMPONENTS	  
Dryland	  Cereals	  is	  focused	  on	  the	  core	  competencies	  of	  crop	  improvement	  (including	  the	  use	  of	  
genetic	  resources	  and	  genomics),	  cropping	  systems	  (use	  of	  sustainable	  crop,	  pest	  and	  disease	  
management	  options)	  and	  post-­‐harvest	  technologies	  (appropriate	  storage,	  processing	  and	  
marketing),	  with	  significant	  collaborative	  efforts	  with	  other	  CRPs	  in	  production	  systems	  and	  price,	  
trade	  and	  policy	  areas.	  Beyond	  these	  traditional	  core	  competencies,	  Dryland	  Cereals	  also	  brings	  
expertise	  and	  focus	  to	  new	  areas	  identified	  in	  the	  Strategy	  and	  Results	  Framework	  (SRF),	  such	  as	  
climate	  change	  adaptation/mitigation	  (tapping	  dryland	  cereals	  for	  traits	  and	  genes	  for	  drought,	  heat	  
and	  nutrient	  use)	  and	  nutrition	  and	  health.	  
The	  objective	  of	  this	  section	  is	  to	  identify	  the	  specific	  ways	  and	  means	  by	  which	  these	  core	  
competencies	  can	  be	  used	  to	  improve	  the	  productivity	  of	  dryland	  cereals.	  It	  builds	  on	  the	  analysis	  in	  
the	  preceding	  sections,	  which	  showed:	  
 Strong	  production	  growth	  for	  most	  dryland	  cereals	  in	  all	  our	  target	  regions;	  
 Growing	  demand	  for	  multi-­‐purpose	  cereals	  used	  for	  food,	  fodder,	  feed,	  and	  malting;	  	  
 Shortages	  of	  seed	  and	  information	  as	  the	  most	  important	  constraints	  on	  adoption;	  and	  	  
 The	  need	  for	  an	  expanded	  pool	  of	  locally-­‐adapted	  improved	  varieties	  with	  a	  combination	  of	  
traits	  that	  meet	  farmers’	  needs	  for	  higher	  and	  also	  more	  stable	  yields	  under	  conditions	  of	  low	  
soil	  fertility.	  
LINKAGES	  WITH	  REGIONAL	  FORA	  AND	  SUB-­‐REGIONAL	  ORGANIZATIONS	  	  
In	  addition	  to	  the	  analysis	  of	  constraints,	  Dryland	  Cereals	  formulated	  its	  research	  agenda	  on	  the	  
basis	  of	  knowledge	  and	  insights	  generated	  in	  collaboration	  with	  regional	  and	  sub-­‐regional	  
organizations	  that	  are	  involved	  in	  dryland	  cereals	  research	  and	  development	  activities.	  For	  Eastern	  
and	  Southern	  Africa,	  priority	  research	  areas	  for	  ASARECA	  in	  sorghum	  and	  millets	  were	  identified	  in	  
2004	  (ECARSAM	  2004)	  and	  reviewed	  in	  2008	  (ASARECA	  2008).	  Participants	  in	  the	  priority	  setting	  
workshops	  were	  drawn	  from	  private	  sector	  (food	  processing,	  seed	  producers	  and	  breweries),	  
research	  institutions	  (national	  and	  international	  including	  ICRISAT	  and	  INTSORMIL),	  universities,	  
NGOs,	  farmers’	  representative	  and	  donor	  organizations.	  The	  priority	  thematic	  areas	  and	  projects	  
developed	  addressed	  constraints	  in	  production,	  post-­‐harvest,	  processing,	  markets	  and	  policy.	  
In	  WCA,	  where	  major	  sorghum	  and	  pearl	  millet	  are	  priority	  staple	  food	  crops	  in	  several	  farming	  
systems,	  the	  West	  African	  Council	  for	  Agricultural	  Research	  for	  Development	  (WeCARD/CORAF)	  is	  
the	  key	  partner	  organization	  for	  research	  coordination.	  There	  has	  been	  continued	  collaboration	  with	  
WeCARD/CORAF	  in	  the	  region	  since	  the	  earlier	  phase	  of	  supporting	  crop	  focused	  research	  networks	  
to	  today	  focusing	  on	  implementing	  integrated	  agricultural	  research	  for	  development	  (IAR4D)	  via	  the	  
Staple	  Crops	  Program.	  Other	  WeCARD/CORAF	  programs	  that	  are	  relevant	  to	  Dryland	  Cereals	  are	  the	  
Biotechnology	  Program,	  Natural	  Resource	  Management	  Program,	  Program	  on	  Markets,	  Trade	  and	  
Policies,	  and	  the	  Knowledge	  Management	  Program.	  Collaboration	  with	  these	  programs	  and	  with	  
WeCARD/CORAF	  as	  a	  whole	  is	  occurring	  at	  several	  levels:	  
 CRP	  scientists	  have	  supported	  WeCARD/CORAF’s	  efforts	  in	  developing	  and	  implementing	  its	  
new	  Strategy	  and	  Operational	  Plan,	  by	  contributing	  to	  the	  preparatory	  meetings,	  and	  
consultations,	  and	  by	  contributing	  expertise	  to	  the	  Scientific	  and	  Technical	  Committee.	  	  
 ICRISAT’s	  and	  CIRAD’s	  management	  and	  CRP	  scientists	  in	  the	  region	  support	  
WeCARD/CORAF’s	  efforts	  in	  enhancing	  scientific	  exchange,	  information	  sharing	  and	  
collaboration	  by	  contributing	  to	  the	  bi-­‐annual	  Science	  Fair,	  serving	  as	  reviewers	  for	  
publications	  and	  supporting	  efforts	  for	  regional	  knowledge	  management,	  monitoring	  and	  
evaluation.	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 CRP	  scientists	  contribute	  to	  and	  backstop	  the	  implementation	  of	  WeCARD/CORAF-­‐funded	  
projects,	  commissioned	  as	  well	  as	  competitive	  ones.	  The	  concerned	  areas	  of	  research	  include	  
Striga	  resistance	  of	  sorghum,	  seed	  system	  development	  and	  soil	  fertility	  management.	  	  
 CRP	  scientists	  and	  CIRAD	  management	  have	  and	  will	  contribute	  in	  a	  major	  way	  to	  the	  
establishment	  and	  use	  of	  specialized	  research	  facilities	  for	  biotechnology,	  and	  drought	  
screening	  
Dryland	  Cereals	  will	  continue	  to	  support	  WeCARD/CORAF’s	  efforts	  towards	  improving	  broad-­‐based	  
agricultural	  productivity,	  competitiveness	  and	  sustainability	  for	  targeted	  groups	  in	  WCA	  for	  the	  
dryland	  cereals	  sector.	  The	  CRP	  will	  directly	  contribute	  to	  strengthening	  the	  capacity	  of	  NARS,	  
members	  of	  WeCARD/CORAF,	  to	  create	  new	  dryland	  cereal	  production	  technology,	  facilitate	  
increasing	  demand	  for	  dryland	  cereal	  production	  knowledge,	  as	  well	  as	  facilitate	  pro-­‐poor	  market	  
and	  policy	  changes.	  	  
WeCARD/CORAF	  is	  currently	  coordinating	  and	  implementing	  at	  the	  regional	  level	  the	  West	  Africa	  
Agricultural	  Productivity	  Program	  (WAAPP),	  initiated	  by	  the	  Economic	  Community	  of	  West	  African	  
States	  (CEDEAO/ECOWAS)	  and	  funded	  by	  the	  World	  Bank,	  with	  the	  objective	  of	  generating	  and	  
disseminating	  improved	  technologies	  contributing	  to	  sustainable	  intensification	  of	  agricultural	  
production.	  The	  dryland	  cereals	  component	  of	  the	  WAAPP	  is	  based	  in	  Senegal	  and	  coordinated	  by	  
the	  Regional	  Centre	  for	  Adaptation	  to	  Drought	  Improvement	  (CERAAS:	  Centre	  d’Etudes	  Régional	  
pour	  l’Amélioration	  de	  l’Adaptation	  à	  la	  Sécheresse)	  as	  the	  national	  center	  for	  specialization	  of	  the	  
WAAPP.	  In	  the	  second	  phase	  of	  the	  WAAPP,	  CERAAS	  regional	  mandate	  will	  be	  reinforced	  to	  
coordinate	  high-­‐level	  scientific	  activities	  on	  dryland	  cereals	  in	  a	  network	  of	  National	  Institutes,	  
Advanced	  Research	  Institutes,	  and	  International	  Centers.	  
To	  address	  the	  present	  and	  foreseeable	  challenges	  on	  food	  security,	  institutions	  in	  CWANA	  have	  
conducted	  various	  priority	  settings	  for	  agriculture	  research	  and	  development.	  In	  2002,	  ICARDA,	  in	  
close	  collaboration	  with	  AARINENA	  and	  CAC	  forums,	  launched	  a	  regional-­‐wide	  initiative	  aimed	  at	  
revisiting	  and	  refocusing	  CWANA	  research	  priorities	  through	  an	  innovative	  consultation	  mechanism	  
relying	  on	  a	  bottom-­‐up	  approach	  and	  broader	  participation	  of	  non-­‐traditional	  stakeholders	  (Belaid	  
et	  al.	  2003).	  	  
In	  2002,	  the	  research	  prioritization	  identified	  five	  researchable	  issues	  in	  the	  region:	  germplasm	  
improvement,	  biotechnology,	  genetic	  resources	  conservation,	  integrated	  pest	  management	  and	  
seed	  production.	  The	  second	  key	  issue	  was	  production	  and	  productivity	  of	  crops	  (wheat	  and	  barley,	  
forages	  and	  vegetables),	  Shideed	  et	  al.	  (2008)	  reports	  in	  a	  process	  of	  “Revisiting	  the	  CWANA	  
Research	  Priorities	  and	  Needs	  Assessment.	  The	  outcome	  indicated	  that	  the	  dryland	  was	  the	  most	  
important	  agro-­‐ecology	  (ranked	  1),	  followed	  by	  rangelands.	  On	  germplasm	  management,	  IPM	  was	  
rated	  second	  after	  germplasm	  improvement	  and	  biotechnology	  (rated	  first).	  On	  germplasm,	  wheat	  
and	  barley	  were	  highly	  rated	  (ranked	  1)	  and	  on	  NRM,	  water	  and	  soils	  ranked	  1.	  The	  latest	  priority	  
setting	  (Samir	  El-­‐Habbab	  et	  al.	  2009)	  indicated	  water	  management	  and	  water	  use	  efficiency	  as	  key	  
strategies	  to	  address	  drought.	  The	  identified	  focus	  areas	  included	  the	  need	  to	  1)	  introduce	  crop	  
varieties	  and	  management	  practices	  that	  result	  in	  better	  water	  production	  and	  2)	  improve	  
management	  of	  water	  resources	  and	  conserving	  the	  quantity	  of	  this	  resource	  through	  water	  
harvesting.	  ICARDA	  in	  2008	  (ICARDA)	  has	  engaged	  in	  focused	  partnerships	  both	  to	  develop	  and	  to	  
deliver	  improved	  genetic	  material	  and	  technologies	  to	  resource-­‐poor	  farm	  families.	  These	  networks	  
have	  strengthened	  partners’	  capabilities	  in	  addressing	  farmers’	  needs.	  They	  have	  also	  resulted	  in	  
new	  genetic	  advancement,	  seed	  delivery,	  and	  crop	  management	  approaches	  that	  are	  more	  effective	  
and	  relevant	  in	  resource-­‐constrained	  environments.	  The	  prioritization	  for	  CWANA	  is:	  1)	  the	  crop,	  
barley	  (together	  with	  wheat),	  2)	  water	  and	  soil	  management,	  3)	  IPM,	  and	  4)	  NRM	  and	  germplasm	  
management.	  	  
In	  South	  Asia,	  ICRISAT	  is	  closely	  working	  with	  ICAR	  whereby	  the	  pearl	  millet	  program	  is	  linked	  closely	  
with	  the	  All	  India	  Coordinated	  Pearl	  Millet	  Improvement	  Project	  (AICPMIP,	  under	  the	  umbrella	  of	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ICAR-­‐ICRISAT	  collaborative	  project).	  For	  sorghum,	  ICRISAT	  is	  linking	  with	  the	  Directorate	  of	  Sorghum	  
Research	  (DSR)	  in	  Hyderabad.	  AICPMIP	  centers	  test	  breeding	  materials	  (adaptation	  and	  trait	  specific)	  
developed	  by	  ICRISAT	  to	  generate	  yield	  and	  biotic/abiotic	  stress	  data.	  This	  platform	  organizes	  annual	  
consultation	  meetings	  among	  pearl	  millet	  stakeholders,	  and	  provides	  feedback	  on	  the	  adaptation	  
and	  productivity	  potential	  of	  ICRISAT-­‐bred	  materials	  that	  guides	  ICRISAT’s	  breeding	  program.	  	  
The	  AICPMIP	  centers	  utilize	  ICRISAT-­‐bred	  materials	  in	  their	  breeding	  programs	  as	  per	  their	  needs	  
and	  these	  materials	  have	  significantly	  contributed	  to	  the	  development	  of	  hybrids	  by	  the	  public	  
sector	  in	  India.	  This	  platform	  also	  contributes	  to	  capacity	  building	  and	  impact	  assessment.	  In	  
addition,	  ICRISAT’s	  work	  with	  private	  sector	  partners	  has	  greatly	  contributed	  to	  the	  development	  
and	  marketing	  of	  a	  very	  diverse	  range	  of	  improved	  hybrids	  and	  varieties	  of	  pearl	  millet	  in	  Asia.	  For	  
example,	  in	  India,	  more	  than	  5	  million	  hectares	  are	  occupied	  by	  over	  80	  pearl	  millet	  hybrids	  
developed	  by	  private	  sector	  seed	  companies,	  of	  which	  about	  60-­‐70%	  hybrids	  have	  been	  developed	  
using	  ICRISAT-­‐bred	  parental	  lines	  or	  their	  derivatives.	  All	  these	  efforts	  contributed	  to	  enhancing	  the	  
pearl	  millet	  productivity	  in	  India	  from	  a	  mere	  530	  kg/ha	  in	  1988	  to	  1044	  kg/ha	  by	  2010.	  The	  ICRISAT-­‐
Private	  Sector	  Pearl	  Millet	  Hybrid	  Parents	  Consortia	  (PMHPRC)	  was	  established	  in	  2000	  as	  an	  
innovative	  platform	  for	  dissemination	  of	  improved	  research	  products	  to	  the	  farmers	  and	  to	  get	  
feedback	  from	  farmers	  and	  industry	  for	  prioritizing	  the	  research	  on	  a	  regular	  basis.	  Presently	  28	  seed	  
companies	  are	  members	  of	  PMHPRC	  which	  regularly	  exchange	  knowledge	  with	  ICRISAT.	  
Furthermore,	  it	  facilitates	  mobilizing	  private	  sector	  support	  for	  public	  sector	  research.	  
PRODUCT	  LINES	  
Taking	  all	  of	  these	  factors	  into	  account,	  we	  identified	  innovations,	  achievable	  within	  the	  next	  ten	  
years	  that	  had	  the	  potential	  to	  achieve	  a	  major	  breakthrough	  in	  the	  production	  of	  dryland	  cereals.	  
The	  result	  of	  this	  exercise	  was	  a	  set	  of	  innovative	  “Product	  Lines”,	  defined	  as	  specific	  technical	  
outputs	  with	  the	  greatest	  potential	  for	  impact.	  The	  seven	  ‘game-­‐changing’	  Product	  Lines	  are	  the	  
following.	  
1. Supporting	  farmers’	  transition	  from	  subsistence	  to	  market	  orientation	  with	  productive,	  
nutritious,	  photoperiod-­‐sensitive	  sorghum	  production	  packages	  for	  multiple	  uses	  in	  West	  
Africa.	  
2. Improving	  food	  security	  for	  subsistence	  smallholder	  farmers	  in	  East	  and	  West	  Africa	  with	  
productive	  and	  nutritious	  pearl	  millet	  food	  and	  fodder	  production	  technologies.	  
3. Drought	  tolerant,	  highly	  productive	  multi-­‐use	  sorghum	  varieties	  for	  food	  and	  processing	  
uses	  in	  the	  dry	  lowlands	  of	  East	  Africa.	  
4. Improving	  nutritional	  security	  with	  productive	  and	  nutritious	  finger	  millet	  production	  
technologies	  for	  East	  and	  Southern	  Africa.	  
5. Multi-­‐purpose	  barley	  production	  technologies	  to	  meet	  food,	  feed	  and	  fodder	  demands	  in	  
the	  dry	  regions	  of	  Africa	  and	  Asia.	  
6. Improving	  food	  security	  and	  incomes	  with	  productive,	  nutritious	  multi-­‐purpose	  pearl	  millet	  
hybrid	  production	  technologies	  for	  East	  Africa	  and	  South	  Asia.	  
7. Multi-­‐purpose	  post-­‐rainy	  season	  sorghum	  hybrid	  production	  technologies	  for	  improving	  
food	  and	  fodder	  availability	  in	  the	  driest	  regions	  of	  South	  Asia.	  
Together,	  these	  seven	  Product	  Lines	  embody	  the	  technical	  innovations	  that	  are	  needed	  to	  
successfully	  meet	  growing	  demand	  for	  dryland	  cereals,	  and	  the	  need	  for	  these	  crops	  to	  meet	  
multiple	  uses.	  These	  technical	  innovations	  are	  centered	  on	  crop	  improvement.	  We	  recognize,	  
however,	  that	  crop	  improvement	  alone	  cannot	  overcome	  limitations	  on	  yield	  resulting	  from	  low	  soil	  
fertility,	  parasitic	  weeds,	  or	  low	  supply	  of	  inorganic	  fertilizer.	  Consequently,	  each	  Product	  Line	  will	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form	  part	  of	  a	  Production	  Package	  that	  incorporates	  the	  appropriate	  crop	  management	  
interventions	  required	  for	  improved	  varieties	  to	  deliver	  higher	  yields	  under	  farmers’	  field	  conditions.	  	  
The	  seven	  Product	  Lines	  were	  developed	  with	  specific	  reference	  to	  our	  target	  groups	  of	  subsistence	  
and	  market-­‐oriented	  farmers	  (Figure	  7).	  Three	  Product	  Lines	  (Sorghum	  for	  West	  Africa,	  Pearl	  Millet	  
for	  East	  and	  West	  Africa,	  and	  Finger	  Millet	  for	  East	  and	  Southern	  Africa)	  are	  targeted	  primarily	  at	  
subsistence	  farmers.	  The	  main	  benefits	  of	  these	  Product	  Lines	  will	  be	  to	  improve	  household	  food	  
security	  and	  nutrition	  for	  poorer	  farmers	  in	  marginal	  areas	  without	  alternative	  cereal	  crops	  and	  
without	  good	  access	  to	  markets.	  Two	  Product	  Lines	  (Pearl	  Millet	  for	  East	  Africa	  and	  Asia,	  and	  
Sorghum	  for	  South	  Asia)	  are	  targeted	  primarily	  at	  market-­‐oriented	  farmers.	  Hybrids	  are	  more	  likely	  
to	  be	  accessible	  and	  affordable	  by	  better-­‐off	  farmers	  that	  are	  linked	  to	  seed	  markets	  and	  to	  markets	  
for	  grain,	  fodder	  and	  alternative	  uses.	  The	  two	  remaining	  product	  lines	  (Barley	  for	  Africa	  and	  Asia	  
and	  Sorghum	  for	  East	  Africa)	  fit	  in	  between	  the	  subsistence-­‐market	  continuum	  and	  will	  benefit	  both	  
groups.	  These	  two	  Product	  Lines	  focus	  on	  the	  development	  of	  improved	  varieties	  to	  meet	  the	  need	  
not	  just	  for	  household	  food	  security	  but	  also	  for	  the	  growing	  markets	  for	  fodder	  and	  feed.	  	  
	  
Figure	  7.	  Addressing	  specific	  needs	  of	  subsistence	  and	  market-­‐oriented	  smallholder	  farmers	  
As	  indicated	  earlier,	  our	  Vision	  of	  Success	  is	  to	  increase	  production	  of	  dryland	  cereals	  by	  
approximately	  11	  million	  tons	  over	  the	  next	  ten	  years.	  This	  will	  not	  be	  done	  uniformly	  across	  the	  
seven	  Product	  Lines,	  but	  is	  based	  on	  current	  estimates	  of	  area,	  number	  of	  smallholder	  farmers	  and	  
productivity	  in	  the	  targeted	  countries.	  Table	  7	  provides	  the	  estimated	  area,	  number	  of	  smallholder	  
farmers	  and	  beneficiaries,	  and	  increased	  production	  estimated	  for	  each	  Product	  Line.	  The	  
production	  figures	  are	  derived	  from	  the	  value	  proposition	  estimates	  (Table	  A6-­‐7	  in	  Appendix	  6),	  
while	  the	  other	  figures	  are	  derived	  from	  current	  estimates	  for	  the	  targeted	  countries	  (Table	  A6-­‐5	  in	  
Appendix	  6).	  
Table	  7.	  Projected	  targeted	  area,	  smallholder	  farmers,	  beneficiaries	  and	  production	  for	  each	  Product	  Line.	  
	  
Area	  (M	  ha)	  







5	  Yr	   10	  Yr	   5	  Yr	   10	  Yr	   5	  Yr	   10	  Yr	   5	  Yr	   10	  Yr	  
PL1	  Sorghum	  WCA	   	  0.70	  	   	  2.32	  	   	  0.17	  	   	  0.58	  	   	  1.57	  	   	  5.23	  	   	  0.81	  	   	  2.70	  	  
PL2	  Pearl	  millet	  WCA	  &	  ESA	   	  0.91	  	   	  3.03	  	   	  0.23	  	   	  0.78	  	   	  2.06	  	   	  6.86	  	   	  1.05	  	   	  3.50	  	  
PL3	  Sorghum	  ESA	   	  0.36	  	   	  0.91	  	   	  0.24	  	   	  0.61	  	   	  1.21	  	   	  3.03	  	   	  0.16	  	   	  0.40	  	  
PL4	  Finger	  millet	  ESA	   	  0.01	  	   	  0.05	  	   	  0.01	  	   	  0.03	  	   	  0.05	  	   	  0.15	  	   	  0.12	  	   	  0.40	  	  
PL5	  Barley	  NA,	  CWA	  &	  SA	   	  0.66	  	   	  1.65	  	   	  0.34	  	   	  0.86	  	   	  1.63	  	   	  4.08	  	   	  0.08	  	   	  0.20	  	  
PL6	  Pearl	  millet	  ESA	  &	  SA	   	  1.02	  	   	  2.27	  	   	  0.78	  	   	  1.74	  	   	  3.92	  	   	  8.72	  	   	  0.90	  	   	  2.00	  	  
PL7	  Sorghum	  SA	   	  0.69	  	   	  1.53	  	   	  0.53	  	   	  1.18	  	   	  2.65	  	   	  5.89	  	   	  0.81	  	   	  1.80	  	  
Totals	   	  4.35	  	   	  11.76	  	   	  2.32	  	   	  5.78	  	   	  13.09	  	   	  33.95	  	   	  3.93	  	   	  11.00	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Following	  are	  brief	  descriptions	  of	  each	  Product	  Line	  providing	  the	  rationale,	  projected	  targets,	  
research	  activities	  and	  output	  targets.	  Specific	  three-­‐year	  work	  plans	  for	  each	  Product	  Line	  are	  
provided	  in	  Appendix	  7.	  	  
Product	  Line	  1	  –	  Supporting	  farmers’	  transition	  from	  subsistence	  to	  market	  orientation	  with	  
productive,	  nutritious,	  photoperiod-­‐sensitive	  sorghum	  production	  tools	  for	  multiple	  uses	  in	  West	  
Africa	  
Rationale	  	  
Trend	  analysis	  shows	  that	  sorghum	  production	  in	  West	  Africa	  has	  increased	  by	  approximately	  7%	  
annually	  over	  the	  past	  30	  years,	  largely	  due	  to	  increases	  in	  cultivated	  area.	  However	  this	  expansion	  
of	  area	  cannot	  be	  sustained	  in	  the	  long	  term	  and	  appears	  to	  be	  levelling	  off	  during	  the	  last	  decade	  
(see	  Figure	  A3-­‐3	  in	  Appendix	  3).	  Further,	  longer	  term	  cultivation	  without	  fallow	  or	  forms	  of	  
integrated	  soil	  fertility	  management	  risks	  reduction	  of	  fertility	  through	  soil	  mining	  (Bationo	  et	  al.	  
1992;	  Buerkert	  et	  al.	  2001).	  We	  thus	  seek	  to	  develop	  the	  tools,	  components	  and	  partnerships	  
needed	  to	  increase	  sorghum	  grain	  yields	  in	  farmers’	  fields	  substantially	  (30-­‐50%)	  over	  the	  next	  10	  
years.	  We	  will	  focus	  primarily	  on	  the	  Sudanian	  zone	  of	  West-­‐Africa,	  where	  sorghum	  is	  a	  staple-­‐crop,	  
and	  the	  northern	  Guinean	  zone	  of	  Nigeria	  where	  grain	  processing	  and	  formal	  marketing	  options	  are	  
taking	  off.	  Effort	  for	  the	  Sahelian	  zone	  of	  West	  Africa,	  although	  relatively	  smaller,	  will	  be	  dedicated	  
to	  improve	  sorghum	  yield	  stability.	  These	  are	  zones	  where	  maize	  is	  also	  an	  important	  crop,	  thus	  the	  
comparative	  advantages	  of	  sorghum	  –	  adaptation	  to	  low	  soil	  fertility	  conditions,	  adaptation	  to	  
drought	  and	  heat,	  as	  well	  as	  good	  storability	  of	  grain	  of	  high	  nutritional	  value	  –	  will	  be	  emphasized	  in	  
the	  breeding	  program.	  
Sorghum	  is	  a	  predominant	  cereal	  in	  the	  Sudanian	  zone	  of	  West-­‐Africa,	  where	  farmers	  over	  millennia	  
have	  honed	  the	  adaptation	  and	  diversity	  of	  this	  species.	  The	  photoperiod	  sensitivity	  of	  these	  
sorghums	  contributes	  to	  yield	  stability	  and	  grain	  quality,	  enabling	  grain	  filling	  to	  coincide	  with	  the	  
end	  of	  the	  rainy	  period	  independent	  of	  sowing	  dates.	  We	  have	  created	  the	  first	  series	  of	  
photoperiod	  sensitive	  varieties	  and	  hybrids	  with	  high	  yield	  combining	  required	  grain	  quality	  for	  good	  
storage	  and	  preparation	  of	  nutritious	  and	  preferred	  foods.	  We	  have	  also	  initiated	  several	  modern	  
breeding	  approaches	  aiming	  at	  cumulating	  multiple	  traits	  favourable	  alleles	  into	  elite	  varieties	  
(MARS)	  and	  exploring	  cryptic	  valuable	  alleles	  from	  genetic	  resources	  into	  locally-­‐adapted	  elite	  
material	  (BCNAM).	  While	  improving	  key	  traits	  and	  increasing	  the	  range	  of	  these	  varieties	  and	  hybrids	  
for	  different	  farmers	  will	  be	  an	  essential	  part	  of	  the	  CRP,	  work	  with	  a	  widened	  range	  of	  partners	  to	  
maximize	  the	  number	  of	  farmers	  benefitting	  from	  these	  breakthroughs	  will	  also	  be	  vital.	  Supporting	  
the	  emerging	  seed	  sector	  and	  working	  with	  development	  partners	  engaged	  in	  extension,	  farmers’	  
access	  to	  finance	  for	  inputs	  and	  machinery,	  and	  grain	  marketing	  will	  be	  critical.	  This	  work	  will	  
primarily	  build	  on	  progress	  in	  Mali	  and	  Burkina	  Faso.	  
Nigeria,	  the	  biggest	  sorghum	  producer	  in	  Africa,	  grows	  grain	  types	  different	  from	  those	  of	  western	  
WCA.	  We	  initiated	  research	  to	  develop	  photoperiod	  sensitive	  hybrids	  with	  the	  required	  grain	  types	  
for	  malting	  (industrial	  and	  artisanal)	  for	  the	  northern	  guinea	  zone,	  but	  this	  must	  be	  advanced	  prior	  
to	  dissemination	  work.	  	  
Sorghum,	  also	  important	  in	  Sahelian	  zones	  of	  these	  three	  countries	  and	  Niger,	  faces	  risks	  of	  crop	  
failure,	  drought-­‐	  and	  heat-­‐stress.	  The	  CRP	  will	  support	  and	  involve	  partners’	  efforts	  to	  improve	  its	  
yield	  stability,	  productivity,	  and	  grain	  quality.	  Varieties	  in	  this	  region	  are	  less	  photoperiod	  sensitive	  
and	  opportunities	  for	  spillovers	  from	  the	  USA,	  Australia,	  Brazil,	  and	  India	  will	  be	  pursued.	  The	  CRP	  
will	  facilitate	  adaptations	  of	  these	  materials	  and	  tools	  to	  West-­‐African	  Sahelian	  sorghum	  
environments.	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Targets	  
Product	  Line	  1	  will	  target	  over	  a	  ten-­‐year	  period,	  an	  increase	  in	  sorghum	  production	  in	  Burkina	  Faso,	  
Mail,	  Niger	  and	  Nigeria	  of	  2.70	  million	  tons	  (Table	  7).	  An	  estimated	  2.32	  million	  ha	  of	  sorghum	  in	  
these	  countries,	  that	  are	  cultivated	  by	  0.58	  million	  farmers	  will	  be	  targeted.	  Total	  beneficiaries	  are	  
estimated	  to	  be	  5.23	  million.	  
Activities	  
The	  activities	  to	  achieve	  these	  targets	  will	  include	  crop	  research,	  but	  also	  
 active	  monitoring	  of	  crop	  production-­‐,	  use-­‐	  and	  marketing	  trends,	  	  
 communications	  research	  to	  enhance	  farmers’	  access	  to	  the	  newest	  and	  best	  information,	  	  
 research	  on	  specific	  user	  needs,	  especially	  women	  farmers,	  
 strengthening	  the	  role	  of	  the	  private	  sector,	  especially	  in	  the	  seed	  sector,	  
 partnering	  with	  development	  actors	  to	  create	  synergies	  for	  joint	  learning	  and	  generating	  
tangible	  impacts	  from	  dryland	  cereals	  technologies,	  and	  
 informing	  policy	  makers	  	  
The	  crop	  research	  will	  focus	  on:	  
 Strengthening	  the	  use	  of	  heterotic	  pools	  for	  hybrid	  parent	  development	  by	  sorghum	  research	  
partners	  in	  the	  region	  
 Developing	  and	  analyzing	  experimental	  breeding	  populations	  combining	  genetic	  base	  
broadening	  of	  breeding	  material	  and	  new	  generation	  gene-­‐trait	  analysis	  for	  priority	  traits	  
such	  as	  adaptation	  to	  low	  phosphorus	  and	  aluminum-­‐toxicity	  conditions,	  terminal	  drought	  
adaptation	  and	  its	  interaction	  with	  photoperiod	  sensitivity	  
 Improving	  efficiency	  of	  selection	  for	  multiple	  traits,	  using	  a	  wider	  range	  of	  marker	  based	  and	  
conventional	  genetic-­‐tools	  
 Ensuring	  that	  released	  varieties	  meet	  threshold	  criteria	  for	  Fe	  and	  Zn	  concentrations,	  key	  
processing	  traits,	  Striga	  tolerance	  and	  adaptation	  to	  low	  soil-­‐phosphorus	  availability.	  
 Promoting	  farmer	  tested	  crop	  management	  tools	  for	  sustainable	  intensification	  for	  a	  range	  of	  
crop	  uses,	  e.g.	  balancing	  grain	  yield	  and	  fodder	  value.	  	  
 Developing	  insights	  and	  tools	  for	  managing	  emerging	  pests	  and	  diseases	  for	  specific	  sorghum	  
production	  environments,	  targeting	  sorghum	  midge,	  stem	  borer	  (in	  Nigeria),	  and	  anthracnose	  
in	  areas	  where	  hybrids	  are	  being	  adopted	  on	  an	  increasing	  scale.	  
Partnerships	  
The	  monitoring	  and	  communications	  activities	  will	  rely	  on	  collaboration	  with	  farmers’	  organizations,	  
development	  actors,	  and	  rural	  radio	  networks	  for	  successful	  and	  wide	  coverage.	  Evaluation	  of	  
communication	  efficiency	  will	  require	  collaboration	  with	  ARI	  communication	  research	  specialists	  
initially,	  e.g.,	  Wageningen	  University	  and	  other	  partners	  via	  the	  McKnight	  Foundation	  CCCRP	  
Community	  of	  Practice	  for	  West	  Africa.	  The	  targeted	  monitoring	  of	  production	  trends	  will	  require	  a	  
CRP	  monitoring	  unit,	  hopefully	  in	  collaboration	  with	  the	  CRP	  on	  Dryland	  Systems,	  and	  other	  key	  
actors	  like	  the	  World	  Food	  program	  and	  other	  agencies	  monitoring	  food	  security	  in	  WCA.	  	  
Creation	  of	  improved	  varieties	  and	  second	  generation	  hybrid-­‐parental	  lines	  for	  the	  Mali-­‐Burkina	  
Faso	  belt	  will	  rely	  on	  collaboration	  with	  national	  breeding	  programs	  (IER,	  and	  INERA)	  and	  
international	  partners	  for	  application	  of	  new	  genetics	  tools,	  including	  CIRAD	  (MARS,	  BCNAM	  
population	  development	  and	  genetic	  analysis,	  grain	  quality,	  biomass,	  and	  fodder	  quality),	  University	  
of	  Queensland	  (BCNAM	  and	  drought	  physiology),	  and	  Embrapa	  (adaptation	  to	  low	  phosphorus,	  and	  
aluminum-­‐toxicity).	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INTSORMIL	  will	  contribute	  sorghum	  breeding	  material,	  tools	  and	  support	  to	  national	  partners	  in	  
northern	  Nigeria	  and	  Niger	  for	  the	  development	  of	  hybrids	  for	  the	  Sahelian	  zone	  with	  appropriate	  
adaptation	  (photoperiod	  insensitive,	  Striga	  resistant,	  and	  stover	  quality).	  Similarly,	  breeding	  material	  
from	  University	  of	  Queensland,	  USA,	  and	  ICAR	  Indian	  programs	  will	  help	  widen	  the	  genetic	  base.	  
Overcoming	  adoption	  constraints	  will	  rely	  on	  collaboration	  with	  emerging	  seed	  companies	  and	  
farmer-­‐cooperative	  seed	  enterprises	  increasing	  information	  flow	  and	  capacity	  of	  seed	  production	  
and	  marketing.	  Close	  collaboration	  with	  agricultural	  development	  initiatives	  to	  facilitate	  farmers’	  
access	  to	  fertilizer	  and	  more	  labour-­‐efficient	  agricultural	  equipment	  will	  provide	  synergies	  for	  
production	  increases.	  Also,	  linking	  producers	  with	  processing	  industries	  and	  large-­‐scale	  grain	  market	  
players	  will	  be	  essential	  for	  developing	  a	  growing	  demand	  for	  specific	  and	  uniform	  qualities	  –	  a	  
specific	  advantage	  from	  hybrids.	  
Product	  Line	  2	  –	  Improving	  food	  security	  for	  subsistence	  smallholder	  farmers	  in	  East	  and	  West	  
Africa	  with	  productive	  and	  nutritious	  pearl	  millet	  food	  and	  fodder	  production	  technologies	  
Rationale	  	  
Trend	  analysis	  shows	  that	  millet	  production	  in	  WCA	  has	  increased	  by	  approximately	  7%	  annually	  
over	  the	  past	  30	  years,	  and	  this	  is	  largely	  explained	  by	  increases	  in	  in	  area	  cultivated.	  This	  rate	  of	  
increase	  in	  millet	  area	  appears	  to	  have	  declined	  during	  the	  past	  10	  years	  compared	  to	  the	  early	  
1980s.	  Cropped	  area	  in	  Sahelian	  WCA	  cannot	  continue	  to	  expand	  as	  before,	  and	  the	  sandy	  soils	  
being	  brought	  under	  cultivation	  tend	  to	  lose	  their	  fertility	  rapidly,	  “soil	  mining”	  is	  the	  term	  used	  
regularly	  (Bationo	  et	  al.	  1992)	  Pearl	  millet	  is	  in	  many	  areas	  the	  only	  cereal	  that	  can	  be	  reliably	  
cultivated,	  thus	  options	  for	  crop	  rotation	  are	  limited.	  We	  will	  develop	  the	  necessary	  tools,	  
components	  and	  partnerships	  to	  ensure	  that	  pearl	  millet	  grain	  yields	  in	  farmers’	  fields	  can	  increase	  
substantially	  (30-­‐50%)	  over	  the	  next	  10	  years,	  focussing	  on	  the	  Sahelian	  zone	  of	  WCA.	  
Pearl	  millet	  is	  the	  dominant	  cereal	  and	  staple	  food	  for	  the	  Sahelian	  zone	  of	  WCA.	  To	  ensure	  yield	  
stability	  and	  grain	  quality,	  varieties	  for	  this	  vast	  region	  need	  to	  have	  the	  appropriate	  flowering	  time	  
and	  plasticity	  of	  flowering	  behaviour,	  so	  that	  grain	  can	  be	  produced	  under	  the	  variable	  range	  of	  
growing	  conditions	  in	  any	  specific	  target	  zone.	  Over	  the	  past	  several	  years,	  we	  have	  created	  a	  series	  
of	  diversified	  breeding	  populations	  and	  new	  open-­‐pollinated	  varieties	  with	  improved	  yielding	  ability	  
combined	  with	  the	  grain	  quality	  traits	  preferred	  for	  local	  uses.	  While	  it	  will	  be	  crucial	  to	  continue	  to	  
improve	  on	  these	  traits,	  and	  increase	  the	  range	  of	  varieties	  available	  to	  farmers,	  it	  also	  will	  be	  
essential	  during	  this	  phase	  of	  the	  CRP	  to	  work	  with	  a	  wide	  range	  of	  partners	  to	  ensure	  that	  the	  
maximum	  number	  of	  farmers	  can	  benefit	  from	  the	  improved	  varieties	  currently	  available.	  This	  will	  
require	  support	  of	  the	  growing	  seed	  sector	  and	  engagement	  with	  development	  partners	  who	  invest	  
in	  extension	  and	  enhancing	  farmers’	  access	  to	  finance	  for	  inputs	  and	  small-­‐scale	  machinery,	  as	  well	  
as	  with	  key	  actors	  in	  grain	  marketing.	  This	  work	  will	  focus	  on	  Niger,	  Nigeria,	  Senegal,	  Mali	  and	  
Burkina	  Faso,	  where	  >80%	  of	  the	  pearl	  millet	  in	  Africa	  is	  produced.	  
To	  increase	  pearl	  millet	  productivity	  in	  the	  Sahelian	  zone	  it	  is	  essential	  that	  profitable	  soil	  fertility	  
and	  Striga	  management	  techniques	  are	  available	  to	  farmers,	  including	  seed	  treatment.	  Technical	  
and	  institutional	  options	  for	  involving	  the	  private	  sector	  in	  input	  supply	  and	  large-­‐scale	  
communication	  campaigns	  will	  be	  taken	  on	  board	  to	  affect	  a	  leap	  in	  on-­‐farm	  productivity	  of	  pearl	  
millet.	  
Pearl	  millet	  in	  East	  and	  Southern	  Africa	  is	  mostly	  concentrated	  in	  Sudan,	  with	  smaller	  areas	  in	  
Eritrea,	  Ethiopia,	  Namibia	  and	  Tanzania.	  A	  large	  proportion	  of	  pearl	  millet	  in	  Sudan	  is	  concentrated	  
in	  the	  Darfur	  and	  Kordofan	  regions,	  which	  have	  agro-­‐ecologies	  similar	  to	  the	  Sahelian	  zone	  of	  WCA.	  
Earlier	  collaborations	  had	  shown	  that	  some	  of	  the	  pearl	  millet	  varieties	  created	  in	  the	  West	  African	  
Sahel	  were	  well	  appreciated	  in	  these	  regions.	  Until	  it	  becomes	  easier	  to	  work	  in	  these	  areas	  of	  
Sudan,	  we	  plan	  to	  develop	  partnerships	  with	  NGOs,	  UN	  organizations	  and	  others	  working	  for	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agricultural	  development	  in	  these	  areas,	  so	  that	  varieties	  developed	  in	  Niger	  can	  be	  tested,	  and	  seed	  
of	  the	  best	  subsequently	  produced	  and	  disseminated	  in	  these	  areas,	  where	  many	  local	  resources	  
have	  been	  lost.	  
Targets	  
Product	  Line	  2	  will	  target	  over	  a	  ten-­‐year	  period,	  an	  increase	  in	  pearl	  millet	  production	  in	  Burkina	  
Faso,	  Mail,	  Niger,	  Nigeria	  and	  Senegal	  of	  3.5	  million	  tons	  (Table	  7).	  An	  estimated	  3.03	  million	  ha	  of	  
pearl	  millet	  in	  these	  countries,	  that	  are	  cultivated	  by	  0.78	  million	  farmers	  will	  be	  targeted.	  Total	  
beneficiaries	  are	  estimated	  to	  be	  6.86	  million.	  
Activities	  
To	  achieve	  these	  targets,	  activities	  required	  go	  far	  beyond	  crop	  research,	  and	  will	  include:	  
 active	  monitoring	  of	  crop	  production,	  as	  well	  as	  use	  and	  marketing	  trends	  for	  both	  millet	  and	  
livestock;	  
 communications	  research	  to	  ensure	  that	  farmers	  have	  access	  to	  current	  information;	  
 focus	  research	  on	  specific	  user	  needs,	  especially	  women	  farmers	  that	  are	  typically	  allocated	  
low-­‐fertility	  fields;	  
 strengthening	  the	  role	  of	  the	  private	  sector,	  especially	  in	  the	  seed	  sector;	  
 partnering	  with	  development	  actors	  to	  create	  synergies	  for	  joint	  learning,	  for	  generating	  
tangible	  impacts	  from	  dryland	  cereals	  improvements;	  and	  
 keeping	  policy	  makers	  involved.	  
Crop	  research	  in	  this	  product	  line	  will	  focus	  on:	  
 improving	  efficiency	  of	  recurrent	  selection	  for	  multiple	  traits,	  using	  a	  wider	  range	  of	  genetic	  
and	  conventional	  tools;	  
 identifying	  and	  harnessing	  genes	  for	  low	  fertility	  adaptation	  and	  drought/heat/climate	  
change-­‐related	  constraints	  after	  diagnosing	  the	  importance	  of	  these	  constraints	  to	  the	  
production	  of	  pearl	  millet	  in	  the	  target	  region;	  
 identifying	  heterotic	  pools	  for	  hybrid	  parent	  development	  with	  pearl	  millet	  research	  partners	  
in	  the	  region,	  and	  then	  generating	  hybrid	  parents	  and	  experimental	  hybrids	  using	  these	  
heterotic	  pools;	  
 ensuring	  that	  released	  materials	  meet	  threshold	  criteria	  for	  downy	  mildew	  resistance	  and	  
grain	  Fe	  and	  Zn	  concentrations;	  
 developing	  genetic	  tools	  to	  effectively	  screen	  for	  and	  improve	  Striga	  resistance,	  downy	  
mildew	  resistance,	  and	  headminer	  resistance;	  and	  
Farmer-­‐tested	  crop	  management	  tools	  for	  sustainable	  intensification,	  for	  balancing	  grain	  yield,	  and	  
fodder	  quality.	  
Partnerships	  
The	  monitoring	  and	  communications	  activities	  will	  rely	  on	  collaboration	  with	  farmers’	  organizations,	  
development	  actors,	  and	  rural	  radio	  networks,	  and	  communication	  professionals	  for	  their	  success,	  
and	  wide	  coverage.	  For	  evaluating	  the	  efficiency	  of	  communications	  we	  will	  require	  the	  
collaboration	  with	  ARI	  communication	  research	  specialists	  initially,	  e.g.	  Wageningen	  University.	  For	  
more	  targeted	  monitoring	  of	  production	  trends	  the	  CRP	  will	  create	  a	  monitoring	  unit,	  hopefully	  in	  
collaboration	  with	  the	  Dryland	  Systems	  and	  other	  key	  actors,	  like	  the	  World	  Food	  program,	  and	  
others	  working	  on	  monitoring	  food	  security	  related	  issues	  in	  WCA.	  	  
New	  varieties	  will	  be	  developed	  with	  collaborative	  population	  improvement	  programs	  with	  National	  
research	  programs	  in	  Nigeria,	  Niger,	  Burkina	  Faso,	  Mali	  and	  Senegal.	  We	  expect	  to	  improve	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efficiency	  of	  selection	  with	  new	  genetic	  tools,	  presently	  being	  developed	  in	  collaboration	  with	  
Cornell	  University	  and	  the	  University	  of	  Georgia.	  	  
Creating	  the	  first	  set	  of	  hybrid	  parental	  lines	  for	  the	  Sahelian	  zone	  will	  be	  done	  in	  collaboration	  with	  
the	  same	  national	  programs.	  IRD,	  and	  the	  University	  of	  Hohenheim	  will	  support	  the	  efforts	  in	  
identifying	  heterotic	  pools,	  and	  other	  tools	  for	  efficient	  utilization	  of	  germplasm.	  
INTSORMIL	  will	  contribute	  to	  the	  development	  of	  selection	  tools	  for	  Striga	  tolerance,	  and	  to	  develop	  
local	  capacity	  for	  grain	  processing	  of	  pearl	  millet	  for	  urban	  consumers.	  The	  ICAR	  Indian	  programs	  will	  
contribute	  to	  widening	  the	  germplasm	  base	  for	  specific	  traits,	  like	  flowering	  heat	  tolerance.	  
To	  overcome	  the	  key	  constraint	  to	  adoption:	  availability	  of	  seed	  and	  information,	  the	  CRP	  will	  work	  
with	  emerging	  seed	  companies,	  will	  continue	  to	  nurture	  seed	  production	  and	  marketing	  enterprises	  
within	  farmer	  cooperatives	  to	  ensure	  that	  growing	  amounts	  of	  seed	  will	  be	  available	  for	  purchase	  by	  
farmers.	  In	  addition	  it	  will	  be	  essential	  to	  collaborate	  closely	  with	  agricultural	  development	  
initiatives	  in	  the	  target	  regions,	  so	  farmers	  can	  access	  fertilizer,	  and	  agricultural	  equipment	  for	  
improved	  labour	  efficiency.	  Similarly	  close	  interactions	  with	  processing	  industries,	  and	  large-­‐scale	  
grain	  market	  players	  will	  be	  essential.	  
Product	  Line	  3	  –	  Drought	  tolerant,	  highly	  productive	  multi-­‐use	  sorghum	  varieties	  for	  food	  and	  
processing	  uses	  in	  the	  dry	  lowlands	  of	  East	  Africa	  
Rationale	  	  
The	  trend	  analysis	  has	  shown	  that	  sorghum	  production	  in	  East	  Africa	  has	  increased	  by	  approximately	  
4%	  annually	  over	  the	  past	  30	  years,	  which	  is	  mostly	  explained	  by	  increases	  in	  area	  cultivated,	  but	  
also	  a	  1%	  yield	  increase	  per	  year.	  We	  will	  thus	  develop	  the	  necessary	  tools,	  components	  and	  
partnerships	  to	  ensure	  that	  sorghum	  grain	  yields	  in	  farmers’	  fields	  can	  increase	  substantially	  (30-­‐
50%)	  over	  the	  next	  10	  years,	  targeting	  the	  dry	  lowlands	  in	  the	  key	  target	  countries	  in	  ESA,	  e.g.,	  
Sudan,	  Ethiopia,	  Tanzania	  and	  Mozambique.	  Grain	  processing	  industries	  of	  food	  and	  non-­‐food	  
products	  will	  be	  the	  main	  drivers	  for	  sorghum	  market	  demand.	  Thus,	  highly	  intensified,	  and	  
profitable	  crop	  management	  options	  will	  be	  developed,	  and	  promoted.	  A	  minor	  effort	  will	  be	  
dedicated	  towards	  improving	  yield	  stability	  of	  sorghum	  varieties	  cultivated	  in	  the	  large	  expanses	  of	  
low	  rainfall,	  high	  risk	  zones	  of	  sorghum	  cultivation	  of	  Sudan,	  Tanzania	  and	  Ethiopia.	  
Over	  the	  past	  20	  years	  we	  have	  created	  a	  series	  of	  varieties	  for	  ESA	  that	  have	  seen	  rising	  rates	  of	  
adoption,	  within	  the	  areas	  where	  their	  grain	  qualities	  are	  meeting	  local	  requirements.	  Such	  varieties	  
include	  Macia	  that	  is	  released	  in	  Mozambique	  and	  Tanzania	  and	  this	  variety	  has	  both	  food	  and	  non-­‐
food	  industrial	  uses.	  Similarly	  the	  variety	  Tegemeo	  released	  in	  Tanzania	  and	  Uganda	  as	  Epurpur	  has	  
excellent	  food	  and	  non-­‐food	  industrial	  uses.	  It	  will	  therefore,	  be	  crucial	  to	  continue	  to	  improve	  the	  
necessary	  grain	  quality	  traits,	  especially	  for	  the	  processing	  industries,	  but	  also	  yielding	  ability,	  as	  well	  
as	  resistance	  to	  key	  constraints,	  such	  as	  Striga.	  It	  will	  be	  important	  during	  this	  phase	  of	  the	  CRP,	  to	  
work	  with	  a	  wide	  range	  of	  partners	  on	  ensuring	  that	  the	  maximum	  number	  of	  farmers	  can	  benefit	  
from	  improved	  sorghum	  production	  technologies.	  The	  main	  premise	  for	  this	  product	  line	  is	  
harnessing	  the	  “pull”	  of	  growing	  markets	  and	  multiple	  and	  alternative	  uses	  such	  that	  increased	  
production	  is	  enabled	  by	  essential	  inputs,	  and	  driven	  by	  market	  demand.	  It	  will	  thus	  be	  essential	  to	  
work	  on	  supporting	  the	  growing	  seed	  sector,	  and	  engage	  with	  the	  private	  grain	  processing	  industries	  
in	  Tanzania	  and	  Ethiopia,	  to	  start	  with,	  to	  test	  practicality	  of	  the	  approach	  and	  explore	  opportunities	  
to	  scale	  out	  to	  other	  countries	  where	  the	  institutional	  and	  policy	  environments	  will	  be	  feasible.	  	  
Targets	  
Product	  Line	  3	  will	  target	  over	  a	  ten-­‐year	  period,	  an	  increase	  in	  sorghum	  production	  in	  Ethiopia,	  
Mozambique,	  Sudan	  (including	  South	  Sudan)	  and	  Tanzania	  of	  0.4	  million	  tons	  (Table	  7).	  An	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estimated	  0.91	  million	  ha	  of	  sorghum	  in	  these	  countries,	  that	  are	  cultivated	  by	  0.61	  million	  farmers	  
will	  be	  targeted.	  Total	  beneficiaries	  are	  estimated	  to	  be	  3.03	  million.	  
Activities	  
To	  achieve	  these	  targets	  activities	  will	  go	  far	  beyond	  the	  crop	  research,	  and	  will	  include	  	  
 active	  monitoring	  of	  crop	  production,	  use	  and	  marketing	  trends,	  	  
 communications	  research	  to	  ensure	  that	  farmers	  have	  access	  up	  to	  date	  information	  on	  the	  
advantages	  of	  sorghum	  cultivation,	  
 focus	  research	  on	  grain	  qualities	  demanded	  by	  the	  processing	  industries,	  
 engage	  the	  private	  seed	  sector	  in	  sorghum	  seed	  production,	  and	  
 keeping	  policy	  makers	  involved.	  
The	  crop	  research	  will	  focus	  on:	  
 A	  proper	  characterization	  of	  the	  drought	  pattern	  in	  the	  area,	  using	  crop	  simulation	  modeling,	  
to	  pinpoint	  the	  most	  promising	  traits	  to	  achieve	  yield	  increases;	  
 Selection	  and	  introgression	  of	  target	  traits	  in	  locally	  adapted	  cultivars,	  leading	  to	  an	  
improvement	  of	  the	  efficiency	  of	  selection	  for	  multiple	  traits,	  using	  a	  wider	  range	  of	  genetic	  
and	  conventional	  tools;	  
 Ensuring	  that	  released	  materials	  meet	  threshold	  criteria	  for	  key	  processing	  traits,	  and	  Striga	  
tolerance;	  
 Farmer	  tested	  crop	  management	  tools	  for	  sustainable	  intensification;	  
 Identifying	  heterotic	  pools	  for	  developing	  hybrid	  parents	  and	  well	  performing	  hybrids;	  and	  
 Integrated	  Striga	  management	  tools	  will	  need	  to	  be	  adapted	  to	  the	  conditions	  of	  ESA.	  
Partnerships	  
The	  key	  research	  partners	  will	  be	  the	  National	  programs	  of	  Ethiopia,	  Mozambique,	  Sudan	  and	  
Tanzania,	  with	  their	  expertise	  in	  germplasm	  characterization,	  variety	  and	  hybrid	  development,	  as	  
well	  marker	  assisted	  breeding.	  The	  collaboration	  with	  the	  BECA	  lab	  will	  be	  crucial	  for	  advancing	  the	  
use	  of	  molecular	  tools	  to	  standard	  applications	  in	  sorghum	  breeding	  programs.	  
Collaboration	  with	  the	  key	  processing	  industries	  will	  be	  essential	  for	  creating	  market	  demands,	  and	  
marketing	  opportunities,	  possibly	  linked	  to	  the	  production	  credit	  and	  thus	  access	  to	  fertilizers.	  	  
The	  private	  seed	  industry	  of	  ESA	  will	  need	  to	  increase	  their	  interest	  and	  commitment	  to	  sorghum,	  
which	  will	  be	  facilitated	  by	  the	  availability	  of	  hybrids.	  	  
INTSORMIL	  will	  play	  a	  key	  role	  in	  advancing	  sorghum	  technologies	  in	  Ethiopia	  and	  Mozambique,	  
especially	  with	  respect	  to	  Striga	  control.	  
	  
Product	  Line	  4	  –	  Improving	  nutritional	  security	  with	  productive	  and	  nutritious	  finger	  millet	  
production	  technologies	  for	  East	  and	  Southern	  Africa	  
Rationale	  	  
Finger	  millet	  accounts	  for	  about	  4	  million	  ha	  (10%)	  of	  the	  38	  million	  ha	  sown	  to	  millets	  globally.	  In	  
East	  Africa,	  it	  covers	  50%	  of	  the	  millet	  area.	  The	  crop	  has	  its	  center	  of	  origin	  in	  Africa	  and	  specifically	  
in	  the	  highlands	  of	  eastern	  Africa.	  The	  importance	  of	  finger	  millet	  lies	  in	  its	  long	  storability	  without	  
insect	  damage	  and	  superior	  nutritional	  value	  compared	  to	  other	  cereals.	  The	  grain	  is	  exceptionally	  
high	  in	  calcium	  (358	  mg/kg)	  and	  iron	  (46	  mg/kg),	  which	  makes	  it	  an	  important	  food	  for	  expectant	  
women,	  breastfeeding	  mothers,	  children,	  the	  sick	  and	  diabetics.	  Being	  gluten	  free,	  finger	  millet	  has	  a	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global	  potential	  in	  regions	  where	  demand	  for	  gluten	  free	  products	  is	  increasing.	  Finger	  millet	  is	  the	  
only	  millet	  that	  has	  experienced	  a	  rise	  in	  the	  monthly	  per	  capita	  consumption,	  particularly	  in	  both	  
low	  and	  medium	  income	  groups	  in	  urban	  areas.	  Thus,	  it	  seems	  that	  finger	  millet	  is	  becoming	  more	  
popular	  in	  urban	  areas.	  In	  ESA	  therefore,	  the	  CRP	  will	  target	  over	  220,000	  hectares	  of	  finger	  millet.	  
In	  spite	  of	  its	  salient	  role	  in	  livelihoods	  of	  millions	  of	  households	  in	  East	  Africa,	  several	  constraints	  
limit	  the	  crop’s	  potential	  productivity.	  	  
Among	  the	  priority	  constraints	  are	  limited	  understanding	  and	  utilization	  of	  the	  genetic	  diversity	  of	  
the	  region’s	  germplasm	  for	  productivity,	  blast	  disease,	  drought,	  lack	  of	  high	  yielding	  improved	  
varieties	  and	  poor	  crop	  husbandry.	  Most	  of	  the	  varieties	  grown	  by	  farmers	  are	  non-­‐improved,	  give	  
low	  grain	  yields	  and	  are	  susceptible	  to	  blast	  disease.	  These	  constraints	  collectively	  have	  limited	  grain	  
yields	  in	  the	  region	  to	  0.50-­‐0.75	  t/ha	  against	  a	  realistic	  on-­‐farm	  potential	  of	  1.5-­‐2.0	  t/ha	  (3.4-­‐4.0	  t/ha	  
on-­‐station).	  The	  CRP	  will	  support	  efforts	  to	  improve	  yield,	  yield	  stability,	  productivity,	  and	  grain	  
quality.	  The	  CRP	  will	  facilitate	  adaptations	  of	  these	  materials	  and	  tools	  to	  finger	  millet	  +production	  
systems.	  The	  work	  planned	  under	  this	  Product	  Line	  is	  focused	  on	  using	  in	  creative	  ways	  the	  very	  
wide	  genetic	  diversity	  found	  in	  finger	  millet,	  to	  develop	  new,	  higher	  yielding	  varieties	  with	  improved	  
tolerance	  for	  biotic	  and	  abiotic	  stresses.	  These	  varieties	  will	  have	  greater	  yield	  stability	  and	  will	  
express	  farmer	  and	  industry	  -­‐preferred	  quality	  traits	  that	  increase	  household	  food	  security,	  nutrition	  
and/or	  income	  via	  new	  marketing	  opportunities	  for	  this	  cereal	  or	  products	  derived	  from	  them.	  
Products	  from	  this	  research	  will	  be	  well-­‐adapted	  and	  more	  varieties.	  At	  the	  same	  time,	  the	  methods	  
and	  tools	  used	  for	  variety	  development	  will	  be	  analyzed	  and	  documented	  so	  that	  crop	  breeding	  
efficiency	  and	  effectiveness	  can	  be	  improved.	  	  
Targets	  
Product	  Line	  4	  will	  target	  over	  a	  ten-­‐year	  period,	  an	  increase	  in	  finger	  millet	  production	  in	  Ethiopia,	  
Tanzania	  and	  Uganda	  of	  0.4	  million	  tons	  (Table	  7).	  An	  estimated	  0.05	  million	  ha	  of	  finger	  millet	  in	  
these	  countries,	  that	  are	  cultivated	  by	  0.03	  million	  farmers	  will	  be	  targeted.	  Total	  beneficiaries	  are	  
estimated	  to	  be	  0.15	  million.	  
Activities	  
Little	  has	  been	  done	  on	  finger	  millet	  diversity	  and	  crop	  improvement	  in	  East	  Africa	  hence	  the	  degree	  
of	  genetic	  diversity	  and	  value	  of	  the	  germplasm	  held	  in	  gene-­‐banks	  is	  not	  well	  understood.	  Also	  for	  a	  
long	  time,	  finger	  millet	  has	  been	  neglected	  by	  mainstream	  research,	  earning	  the	  name	  ‘orphan	  
crop’.	  However	  the	  crop’s	  growing	  importance	  in	  East	  Africa	  has	  enhanced	  its	  importance	  to	  
researchers	  and	  other	  stakeholders	  along	  the	  production-­‐supply	  chain.	  Although	  a	  large	  number	  of	  
finger	  millet	  collections	  have	  been	  made,	  there	  are	  still	  collection	  gaps	  and	  only	  a	  small	  fraction	  of	  
the	  total	  available	  collections	  have	  been	  characterized	  and/or	  used	  in	  breeding	  programs.	  	  
The	  specific	  activities	  to	  achieve	  the	  above	  targets	  will	  include	  crop	  research	  and	  specifically:	  	  
 There	  is	  an	  urgent	  need	  to	  characterize	  the	  collected	  and	  conserved	  germplasm	  as	  well	  as	  the	  
new	  collections	  	  
 Germplasm	  evaluation	  will	  also	  go	  a	  long	  way	  in	  mitigating	  the	  effects	  of	  the	  envisaged	  
climate	  change	  through	  adaptation	  testing	  in	  different	  agro-­‐ecologies	  and	  using	  analogue	  test	  
sites.	  	  
 Determine	  adaptation	  and	  stability	  of	  finger	  millet	  varieties	  across	  finger	  millet	  production	  
agro-­‐ecologies	  targeting	  release	  of	  improved	  varieties	  	  
 Blast	  screening	  using	  a	  simple	  field	  blast	  resistance	  screening	  technique	  of	  crop	  
debris/infector	  rows/irrigation	  	  
 Communications	  research	  to	  enhance	  farmers’	  access	  to	  the	  knowledge	  and	  information	  	  
 Strengthening	  the	  role	  of	  the	  private	  sector,	  especially	  in	  the	  seed	  sector	  and	  also	  market	  
linkages,	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 Partnering	  with	  development	  actors	  to	  create	  synergies	  for	  joint	  learning	  and	  generating	  
tangible	  impacts	  from	  dryland	  cereals	  technologies,	  and	  
 Informing	  policy	  makers	  	  
The	  crop	  research	  will	  focus	  on:	  
 Improving	  efficiency	  of	  selection	  for	  multiple	  traits,	  using	  a	  wider	  range	  of	  novel	  and	  
conventional	  genetic-­‐tools	  
 Ensuring	  that	  released	  varieties	  meet	  threshold	  criteria	  for	  calcium,	  iron	  and	  zinc	  
concentrations,	  key	  processing	  traits	  demanded	  by	  the	  industry	  and	  end	  users,	  blast	  
resistance	  and	  adaptation	  drought	  and	  problem	  soils.	  
 Farmer	  tested	  crop	  management	  tools	  for	  sustainable	  intensification	  for	  a	  range	  of	  crop	  uses,	  
e.g.	  balancing	  grain	  yield	  and	  fodder	  value.	  	  
 Ensuring	  that	  released	  materials	  meet	  threshold	  criteria	  for	  key	  processing	  traits	  	  
Partnerships	  
The	  key	  research	  partners	  will	  be	  the	  National	  programs	  of	  target	  countries	  of	  Ethiopia	  and	  Uganda,	  
with	  their	  expertise	  in	  germplasm	  characterization,	  variety	  development,	  as	  well	  marker	  assisted	  
breeding.	  Collaboration	  will	  be	  extended	  to	  Universities	  within	  the	  ESA	  region	  such	  as	  Moi	  University	  
in	  Kenya	  with	  experience	  and	  interest	  on	  finger	  millet	  research	  and	  development.	  Collaboration	  with	  
the	  BECA	  lab	  will	  be	  crucial	  for	  advancing	  the	  use	  of	  molecular	  tools	  to	  standard	  applications	  in	  
finger	  millet	  breeding	  programs.	  Collaboration	  with	  the	  key	  processing	  industries	  in	  the	  ESA	  region	  
such	  as	  Nyirefami	  in	  Tanzania	  and	  Unga	  millers	  in	  Kenya	  will	  be	  essential	  for	  creating	  market	  
demands,	  and	  marketing	  opportunities,	  possibly	  linked	  to	  the	  production	  credit,	  and	  thus	  access	  to	  
fertilizers.	  The	  private	  seed	  industry	  of	  ESA	  will	  need	  to	  increase	  their	  interest	  and	  commitment	  to	  
finger	  millet,	  which	  will	  be	  facilitated	  by	  the	  provision	  of	  material	  for	  evaluation	  targeting	  release.	  
Strategic	  partnerships	  will	  also	  be	  established	  with	  partners	  outside	  the	  project	  area	  such	  with	  
institutions	  in	  South	  Asia	  with	  vast	  experience	  in	  finger	  millet	  research	  as	  well	  as	  improved	  
germplasm.	  	  
Overcoming	  adoption	  constraints	  will	  rely	  on	  collaboration	  with	  emerging	  seed	  companies	  and	  
farmer-­‐cooperative	  seed	  enterprises	  to	  increase	  information	  flow	  and	  capacity	  for	  seed	  production	  
and	  marketing.	  Close	  collaboration	  will	  be	  fostered	  with	  agricultural	  development	  initiatives	  to	  
facilitate	  farmers’	  access	  to	  fertilizer;	  and	  linkages	  will	  be	  established	  with	  manufacturers	  of	  simple	  
and	  more	  labour-­‐efficient	  equipment	  to	  make	  finger	  millet	  production	  more	  an	  efficient	  and	  
profitable	  enterprise.	  Also,	  linking	  producers	  with	  processing	  industries	  and	  large-­‐scale	  grain	  market	  
players	  will	  be	  essential	  for	  developing	  a	  growing	  demand	  for	  specific	  and	  uniform	  standards	  and	  
qualities.	  	  
Product	  Line	  5	  –	  Multi-­‐purpose	  barley	  production	  technologies	  to	  meet	  food,	  feed	  and	  fodder	  
demands	  in	  the	  dry	  regions	  of	  Africa	  and	  Asia	  
Rationale	  	  
Barley	  production	  in	  the	  dry	  areas	  of	  North	  and	  East	  Africa,	  Central,	  Southern	  and	  Eastern	  Asia	  faces	  
severe	  challenges.	  Most	  countries	  in	  these	  regions	  have	  limited	  human	  and	  financial	  resources.	  
Climate	  change	  is	  already	  affecting	  agriculture;	  while	  globalization	  is	  impacting	  on	  markets	  and	  value	  
chains.	  In	  addition,	  barley	  enjoys	  significantly	  less	  policy	  and	  institutional	  support	  than	  other	  crops.	  
In	  many	  countries,	  it	  is	  not	  recognized	  as	  a	  strategic	  crop,	  despite	  its	  importance	  for	  food	  and	  
livestock	  feed.	  
Barley	  productivity	  is	  generally	  low	  with	  averages	  during	  the	  period	  2001-­‐2011	  at	  1.1	  tons/ha	  in	  
North	  Africa,	  1.4	  tons/ha	  in	  East	  Africa,	  1.2	  tons/ha	  in	  Central	  Asia,	  1.7	  tons/ha	  in	  West	  Asia,	  1.8	  
tons/ha	  in	  South	  Asia	  and	  3.6	  tons/ha	  in	  East	  Asia.	  Yield	  gaps	  are	  due	  to	  the	  non-­‐availability	  of	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improved	  germplasm	  and	  production	  technologies	  (including	  inputs	  and	  mechanization),	  and	  lack	  of	  
extension	  support.	  However,	  with	  high	  yielding	  varieties	  and	  improved	  crop	  management,	  yields	  can	  
be	  increased	  by	  two-­‐	  to	  three-­‐fold.	  
Over	  the	  past	  thirty	  years,	  the	  barley	  area	  and	  productivity	  in	  Central	  and	  West	  Asia	  and	  North	  and	  
East	  Africa	  have	  increased	  at	  around	  1%	  per	  year,	  without	  any	  visible	  reduction	  in	  yield	  gaps	  (Figure	  
10	  in	  Appendix	  3).	  In	  contrast,	  while	  the	  area	  in	  South	  Asia	  and	  East	  Asia	  has	  decreased	  by	  5%	  per	  
year,	  production	  has	  been	  maintained	  at	  a	  stable	  level	  through	  higher	  productivity.	  
Major	  causes	  to	  low	  productivity	  for	  most	  small	  farmers	  are	  linked	  to	  constraints	  such	  as	  the	  low	  
yield	  potential	  of	  landraces	  and	  local	  cultivars	  still	  dominantly	  used	  and	  their	  lack	  to	  cope	  with	  
diseases	  occurrence	  and	  pressure.	  Another	  cause	  is	  related	  to	  the	  fact	  that	  farmers	  tend	  to	  use	  their	  
own	  seed	  and	  do	  not	  usually	  use	  inputs	  such	  as	  fertilizers	  because	  these	  are	  not	  affordable	  or	  
available.	  Landraces	  are	  thought	  to	  be	  safe	  in	  many	  aspects	  (such	  as	  adaptation	  and	  appropriate	  
crop	  cycle,	  limited	  management	  and	  quality)	  but	  remain	  limiting	  in	  yield	  potential	  and	  are	  subject	  to	  
biotic	  stresses	  (particularly	  foliar	  diseases)	  for	  which	  farmers	  do	  not	  have	  indigenous	  solutions	  as	  
well	  as	  the	  negative	  effects	  of	  low	  input	  crop	  management	  strategies	  used	  by	  farmers	  
Landraces	  and	  local	  cultivars	  are	  particularly	  affected	  by	  biotic	  stresses	  in	  favourable	  years	  when	  
farmers	  tend	  to	  use	  inputs	  such	  as	  fertilizers.	  Thus,	  these	  inputs	  are	  often	  recognized	  more	  for	  their	  
beneficial	  effects	  on	  yield,	  but	  not	  so	  on	  increasing	  the	  pressure	  of	  diseases.	  Farmer	  seeds	  are	  also	  
usually	  a	  source	  of	  disease	  contamination,	  as	  smallholder	  farmers	  usually	  do	  not	  practice	  seed	  
dressing.	  Local	  technologies	  used	  by	  farmers	  to	  provide	  seed	  of	  the	  needed	  quality	  are	  not	  always	  
efficient.	  A	  final	  factor	  that	  adds	  to	  the	  limited	  production	  potential	  is	  mono-­‐cropping,	  often	  
practiced	  due	  to	  land	  limitations,	  the	  need	  to	  secure	  yearly	  or	  seasonal	  feed/food	  production	  and	  
the	  lack	  of	  alternative	  sustainable	  crops	  such	  as	  legumes.	  	  
Research	  activities	  with	  resource	  poor	  farmers	  in	  the	  dry	  areas	  has	  consistently	  shown	  that	  with	  
improved	  cultivars	  and	  improved	  crop	  management	  (healthy	  seeds	  and	  the	  use	  of	  fertilizers	  and	  
herbicides)	  even	  when	  using	  landraces,	  productivity	  can	  be	  increased	  by	  one-­‐	  to	  two-­‐fold.	  Dryland	  
Cereals	  is	  a	  major	  opportunity	  to	  bring	  together	  the	  partners	  needed	  to	  contribute	  to	  a	  global	  effort	  
on	  barley	  productivity	  improvement	  for	  smallholder	  farmers	  of	  the	  targeted	  agro-­‐ecologies	  and	  
regions.	  Investments	  of	  ICARDA	  on	  barley	  (its	  main	  global	  mandate	  crop)	  in	  the	  dry	  areas	  using	  
advances	  in	  breeding	  tools	  molecular	  genetics,	  adapted	  IPM	  measures,	  adapted	  and	  integrated	  
barley-­‐livestock	  and	  decisive	  crop	  management	  technologies	  have	  produced	  valuable	  results	  that	  
are	  ready	  to	  benefit	  smallholder	  famers.	  
Targets	  
Product	  Line	  5	  will	  target	  over	  a	  ten-­‐year	  period,	  an	  increase	  in	  barley	  production	  in	  Ethiopia,	  India,	  
Iran,	  Kazakhstan,	  Morocco	  and	  Syria	  of	  0.2	  million	  tons	  (Table	  7).	  An	  estimated	  1.65	  million	  ha	  of	  
barley	  in	  these	  countries,	  that	  are	  cultivated	  by	  0.86	  million	  farmers	  will	  be	  targeted.	  Total	  
beneficiaries	  are	  estimated	  to	  be	  4.08	  million.	  
Activities	  
Dryland	  Cereals	  outputs	  will	  aim	  to	  impact	  small	  farmers	  first;	  as	  well	  as	  influence	  other	  groups	  such	  
as	  value	  chain	  actors	  and	  policy	  makers.	  Three	  types	  of	  activities	  are	  planned:	  
 Conducting	  research,	  which	  is	  the	  most	  important	  component,	  using	  up-­‐to-­‐date	  science	  and	  
indigenous	  knowledge	  to	  produce	  and	  promote	  improved	  decisive	  technologies;	  
 Promoting	  interactions	  (e.g.,	  network,	  task	  force	  and	  working	  groups)	  between	  the	  focal	  and	  
impact	  countries	  to	  create	  spillovers	  and	  exchanges;	  and	  
 Improving	  knowledge,	  monitoring	  barley	  production	  and	  commodity	  chains	  (feed,	  food,	  
malt),	  and	  transferring	  of	  technologies	  developed	  by	  the	  CRP.	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The	  ‘research	  matrix’	  will	  include	  specific	  and	  multiple	  crop	  components.	  The	  goal	  will	  be	  higher	  
productivity	  through	  genetic	  gains	  that	  would	  mitigate	  the	  effect	  of	  drought,	  disease	  and	  pests	  and	  
other	  abiotic	  stresses	  such	  as	  cold	  and	  salinity.	  The	  following	  will	  be	  considered:	  
 Feed	  (including	  grazed	  and	  fodder),	  food	  and	  malt	  barley.	  Feed	  is	  the	  major	  use	  of	  barley	  in	  
the	  CRP	  mandate	  regions;	  
 Spring,	  winter	  and	  winter	  facultative	  barley;	  and	  
 Two-­‐row,	  six-­‐row	  and	  naked	  barleys	  with	  two-­‐row	  as	  the	  major	  type	  for	  feed	  and	  malt	  and	  
six-­‐row	  as	  the	  major	  type	  for	  feed	  and	  food.	  
Other	  considerations	  will	  include:	  grain	  color	  in	  relation	  to	  feed	  quality,	  and	  use	  as	  food	  or	  drink	  as	  
well	  as	  period	  of	  planting.	  
The	  research	  focus	  would	  be	  on	  the	  following	  areas,	  taking	  into	  consideration	  that	  many	  research	  
areas	  and	  topics	  would	  be	  refined	  and	  worked	  out	  with	  partners	  of	  the	  CRP	  during	  the	  inception	  
meetings.	  
 Enhancing	  the	  use	  of	  barley	  genetic	  resources	  by	  finding	  novel	  sources	  of	  resistance	  to	  major	  
biotic	  stresses.	  The	  approach	  will	  be	  to	  integrate	  the	  Focused	  Identification	  of	  Germplasm	  
Strategy	  (FIGS),	  the	  use	  of	  genomic	  tools	  (TILLING,	  EcoTILLING	  and	  genome	  sequencing)	  and	  
the	  use	  of	  wild	  relatives	  for	  pre-­‐breeding.	  
 Developing	  elite	  germplasm	  with	  high	  and	  stable	  grain	  and	  biomass	  yields,	  and	  appropriate	  
quality	  attributes	  for	  different	  end	  uses.	  
 Use	  of	  marker-­‐assisted	  breeding	  and	  doubled	  haploid	  technologies	  for	  faster	  genetic	  
improvement.	  
 Strengthening	  national	  breeding	  programs	  in	  focal	  countries	  to	  address	  all	  aspects	  of	  barley	  
production	  and	  use.	  
 Developing	  low-­‐cost	  technology	  packages,	  based	  on	  conservation	  agriculture,	  limited	  use	  of	  
inputs,	  integrated	  crop	  and	  pest	  management,	  and	  water	  harvesting.	  
 Deploying	  community	  based	  seed	  systems	  to	  ensure	  viable	  variety	  maintenance,	  basic	  and	  
commercial	  seed	  production	  and	  delivery.	  
 Identifying	  new	  avenues	  for	  quality	  (food,	  feed	  and	  malt)	  and	  product	  quality	  including	  
palatability	  digestibility	  and	  consumer	  acceptance,	  using	  biotechnology	  tools.	  
 Improving	  quality	  and	  use	  of	  technologies	  that	  would	  facilitate	  value	  addition	  and	  market	  
participation	  by	  smallholder	  farmers.	  	  
Partnerships	  
ICARDA	  has	  had	  a	  long	  time	  standing	  collaboration	  and	  partnership	  with	  a	  network	  of	  donor,	  
international	  research	  and	  development	  institutions	  and	  bilateral	  partners	  focusing	  on	  regional	  
interests	  and	  global	  benefits.	  ICARDA	  also	  has	  a	  regional	  program	  serving	  the	  Nile	  Valley	  and	  the	  Red	  
Sea,	  North	  Africa,	  West	  East	  and	  South	  Asia,	  the	  Caucasus	  and	  Latin	  America.	  ICARDA	  has	  always	  
valued	  and	  worked	  on	  strengthening	  and	  maintaining	  strong	  working	  relationship	  with	  NARS,	  
particularly	  for	  barley	  as	  one	  of	  its	  global	  mandate	  crops.	  
In	  recent	  years,	  partnerships	  with	  organized	  farming	  communities	  have	  shown	  its	  potential	  to	  bring	  
change	  and	  sustainable	  development.	  Dryland	  Cereals	  will	  seek	  strategic	  and	  durable	  partnerships	  
with	  farming	  communities	  and	  value	  chain	  actors	  (e.g.,	  processors	  and	  traders).	  The	  strategic	  
collaboration	  with	  both	  groups	  and	  other	  groups	  such	  as	  local	  or	  international	  NGOs,	  local,	  regional,	  
national	  and	  even	  international	  civil	  society	  organizations	  would	  bring	  not	  only	  stable	  but	  expanding	  
markets	  to	  smallholder	  famers,	  but	  also	  access	  to	  business	  opportunities	  and	  value	  additions,	  
particularly	  in	  the	  seed	  sector,	  processing	  and	  manufacturing	  of	  products	  commercialized	  locally,	  
nationally	  or	  globally.	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ICARDA	  and	  its	  regional	  offices	  present	  in	  each	  of	  the	  focal	  agro-­‐regions	  will	  seek	  to	  bring	  research	  
results	  closer	  to	  small	  farmers	  through	  strong	  partnership	  ties	  with	  them.	  The	  CRP	  will	  offer	  the	  
opportunities	  to	  analyse	  and	  look	  for	  the	  best	  ways	  to	  accommodate	  the	  partnership	  objective	  with	  
farmers	  but	  also	  other	  actors	  in	  the	  value	  chain.	  
	  
Product	  Line	  6	  –	  Improving	  food	  security	  and	  incomes	  with	  productive,	  nutritious	  multi-­‐purpose	  
pearl	  millet	  hybrid	  production	  technologies	  for	  East	  Africa	  and	  South	  Asia	  
Rationale	  	  
The	  trend	  analysis	  for	  pearl	  millet	  production	  in	  India	  (South	  Asia)	  indicates	  a	  marginal	  increase	  in	  
production	  coming	  through	  significant	  gains	  in	  productivity,	  under	  a	  scenario	  when	  crop	  areas	  have	  
declined	  significantly.	  Much	  of	  these	  gains	  have	  occurred	  through	  increased	  crop	  productivity	  in	  the	  
relatively	  better-­‐endowed	  pearl	  millet	  growing	  regions	  of	  northern	  and	  peninsular	  India	  (accounts	  
for	  70%	  of	  pearl	  millet	  area	  in	  India,	  receives	  400-­‐700	  mm	  rainfall,	  and	  comes	  under	  the	  A	  and	  B	  
zones	  as	  designated	  by	  Indian	  program).	  The	  constraint	  analysis	  identified	  “higher	  productivity”	  as	  
one	  of	  the	  major	  driver	  for	  increasing	  adoption	  of	  this	  crop,	  hence	  this	  program	  (PL	  6)	  will	  focus	  
primarily	  in	  the	  same	  region	  based	  on	  the	  factors:	  (i)	  further	  prospects	  of	  continuing	  genetic	  grains,	  
(ii)	  our	  alignment	  with	  the	  regional	  research	  priority,	  (iii)	  stronger	  partnerships	  with	  the	  public	  and	  
private	  sector,	  and	  hence	  availability	  of	  wider	  testing	  network,	  and	  (iv)	  larger	  and	  more	  predictable	  
seed	  markets.	  
The	  declining	  in	  area	  trend	  as	  witnessed	  in	  case	  of	  All	  India	  has	  not	  being	  observed	  in	  the	  most	  arid	  
regions	  of	  northwestern	  India,	  which	  receives	  less	  than	  400	  mm	  rainfall	  (accounts	  for	  30%	  of	  the	  
pearl	  millet	  area	  in	  India,	  designated	  as	  the	  A1	  zone	  by	  Indian	  program),	  and	  its	  grain	  serves	  as	  a	  
major	  staple	  in	  rural	  households.	  Recently,	  there	  is	  increased	  interest	  from	  public	  and	  private	  sector	  
to	  improve	  production	  in	  this	  region,	  hence	  PL	  6	  will	  pay	  greater	  attention	  to	  increasing	  hybrid	  
options	  in	  this	  ecology,	  and	  will	  develop	  early	  maturing	  breeding	  materials	  with	  drought	  adaptation	  
to	  establish	  hybrid	  technology	  in	  this	  region.	  	  
Pearl	  millet	  cultivated	  in	  the	  SA	  region	  provides	  food	  and	  fodder	  security	  to	  the	  smallholder	  farmers	  
and	  is	  an	  integral	  part	  of	  their	  crop-­‐livestock	  systems.	  The	  crop	  in	  this	  region	  is	  continuously	  
challenged	  by	  frequent	  droughts	  and	  downy	  mildew	  (DM)	  disease,	  and	  thus	  needs	  continuous	  
improvement	  against	  these	  stresses	  through	  conventional	  and	  molecular	  tools.	  Recently,	  blast	  
disease	  incidence	  has	  significantly	  reduced	  grain	  yields	  and	  fodder	  quality,	  and	  needs	  effective	  
control	  through	  host	  plant	  resistance.	  Moreover,	  the	  present	  hybrid	  seed	  industry	  both	  in	  public	  and	  
private	  sector	  is	  heavily	  dependent	  on	  only	  one	  CMS	  system,	  making	  it	  vulnerable	  to	  disease	  and	  
insect	  pest	  epidemics	  in	  future,	  thus	  there	  is	  strong	  need	  to	  diversify	  the	  hybrid	  parental	  lines	  to	  
other	  viable	  CMS	  systems	  (especially	  the	  A4	  and	  A5	  CMS	  systems).	  Thus,	  the	  program	  will	  focus	  on	  
the	  development	  of	  diverse	  hybrid	  parental	  lines	  with	  enough	  cytoplasmic	  variability	  to	  deliver	  dual-­‐
purpose	  hybrids	  under	  biotic	  and	  abiotic	  stress	  environments.	  	  
Pearl	  millet	  has	  significant	  variability	  for	  grain	  iron	  and	  zinc	  content,	  the	  levels	  of	  which	  can	  be	  
enhanced	  (from	  present	  levels	  of	  47	  ppm	  to	  about	  70	  ppm	  grain	  iron)	  to	  help	  reduce	  micronutrient	  
malnutrition	  in	  the	  regions	  where	  this	  crop	  contributes	  significantly	  to	  the	  dietary	  requirements	  for	  
these	  micronutrients.	  This	  program	  will	  work	  with	  the	  A4NH	  to	  integrate	  the	  biofortification	  
component	  into	  the	  breeding	  programs	  and	  elevate	  the	  levels	  of	  grain	  iron	  content	  in	  the	  hybrid	  
parents.	  
The	  crop	  has	  recently	  occupied	  large	  areas	  in	  summer	  season	  in	  northwestern	  India	  under	  intensive	  
cropping	  cultivation	  and	  grains	  yields	  of	  4-­‐5	  tons/ha	  and	  forage	  yields	  of	  10-­‐15	  tons/ha	  have	  been	  
realized	  by	  available	  hybrids	  in	  80-­‐85	  days.	  In	  this	  zone,	  owing	  to	  the	  high	  temperatures	  (often	  
above	  42°C)	  coinciding	  with	  flowering,	  the	  crop	  suffers	  reproductive	  sterility	  leading	  to	  drastic	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reductions	  in	  grain	  yield,	  thus	  very	  few	  hybrids	  have	  shown	  good	  seed	  set	  under	  such	  high	  
temperature	  conditions,	  leaving	  limited	  cultivar	  choices	  for	  farmers.	  Thus,	  there	  is	  strong	  need	  to	  
identify	  heat	  tolerant	  hybrid	  parents	  to	  increase	  hybrid	  options	  for	  farmers	  in	  this	  ecology.	  Some	  
salinity	  affected	  parts	  of	  Asia	  are	  looking	  for	  pearl	  millet	  as	  an	  option	  for	  meeting	  their	  forage	  and	  
biofuel	  requirements;	  hence	  this	  program	  will	  also	  develop	  high	  biomass	  salinity	  tolerant	  products	  
for	  these	  regions.	  	  
In	  the	  ESA	  region,	  production	  of	  pearl	  millet	  has	  increased	  due	  to	  an	  expansion	  of	  area,	  with	  no	  
increase	  in	  productivity.	  This	  region	  has	  shown	  good	  adaptation	  to	  ICRISAT-­‐Patancheru	  bred	  
materials	  like	  ICTP	  8203,	  ICMV	  88908,	  ICMV	  221,	  and	  ICMV	  82132	  that	  were	  released	  in	  ESA	  
countries	  and	  performed	  well	  in	  this	  region.	  With	  this	  feedback	  of	  successful	  adaptation	  of	  South	  
Asian	  bred	  pearl	  millet	  materials	  in	  ESA	  region,	  the	  recent	  evidences	  of	  high	  performance	  of	  Indian	  
bred	  hybrids	  in	  many	  ESA	  countries,	  and	  with	  the	  emergence	  of	  private	  sector	  seed	  companies	  in	  
this	  region,	  the	  program	  will	  now	  focus	  on	  translating	  the	  Indian	  success	  story	  of	  pearl	  millet	  hybrids	  
in	  the	  ESA	  region.	  In	  addition,	  crop	  management	  options	  will	  be	  standardized	  for	  this	  region,	  and	  the	  
program	  in	  SA	  will	  work	  to	  help	  flow	  possible	  spillovers	  and	  simultaneously	  strengthen	  future	  hybrid	  
programs	  in	  the	  ESA	  region.	  	  
The	  constraint	  analysis	  identified	  “lack	  of	  crop	  management	  information”	  to	  be	  responsible	  for	  low	  
yields	  on	  farm	  in	  SA,	  thus	  there	  is	  need	  to	  identify	  available	  technologies	  followed	  by	  their	  
dissemination	  in	  SA	  region;	  while	  there	  is	  need	  to	  standardize	  crop	  management	  options	  for	  ESA	  
region.	  “Low	  keeping	  quality”	  is	  one	  of	  major	  constraint	  for	  the	  processing	  industry	  to	  scale	  up	  this	  
crop	  for	  marketing	  purposes.	  Processing	  technologies	  are	  available	  which	  can	  enhance	  the	  shelf-­‐life	  
of	  pearl	  millet	  flour	  from	  5-­‐7	  days	  to	  3-­‐6	  months,	  and	  PL	  6	  will	  identify,	  standardize,	  and	  disseminate	  
these	  technologies,	  and	  increase	  the	  market	  options	  and	  to	  help	  reduce	  the	  drudgery	  of	  women	  in	  
rural	  areas.	  Commercial	  value-­‐added	  products	  will	  be	  identified	  for	  increasing	  market-­‐oriented	  
opportunities	  for	  growers,	  and	  for	  targeting	  urban	  consumers	  with	  health	  products.	  
Targets	  
Product	  Line	  6	  will	  target	  over	  a	  ten-­‐year	  period,	  an	  increase	  in	  pearl	  millet	  production	  in	  the	  States	  
of	  Gujarat,	  Haryana,	  Maharashtra,	  Rajasthan	  and	  Uttar	  Pradesh	  in	  India	  of	  2.0	  million	  tons	  (Table	  7).	  
An	  estimated	  2.27	  million	  ha	  of	  pearl	  millet	  in	  these	  States,	  that	  are	  cultivated	  by	  1.74	  million	  
farmers	  will	  be	  targeted.	  Total	  beneficiaries	  are	  estimated	  to	  be	  8.72	  million.	  
Activities	  
To	  achieve	  these	  targets	  activities	  will	  go	  far	  beyond	  the	  crop	  research,	  and	  will	  include	  	  
 active	  monitoring	  of	  crop	  production,	  use	  and	  marketing	  trends,	  	  
 communications	  research	  to	  ensure	  that	  farmers	  have	  access	  to	  up-­‐to-­‐date	  crop	  
management	  information,	  	  
 focus	  research	  on	  specific	  user	  needs,	  especially	  women	  farmers	  
 involve	  the	  private	  seed	  companies	  with	  an	  expressed	  interest	  of	  serving	  the	  ESA	  region	  and	  
arid	  regions	  of	  India.	  	  
 close	  collaboration	  with	  crop	  management	  and	  livestock	  researchers,	  to	  ensure	  that	  new	  
cultivars	  can	  contribute	  to	  food	  and	  fodder	  security	  in	  the	  context	  of	  fragile	  and	  complex	  
locally	  specific	  production	  systems.	  
 keeping	  policy	  makers	  involved	  
The	  research	  will	  focus	  on:	  
 Knowledge	  generation	  on	  value	  chains,	  trade-­‐offs	  between	  different	  traits	  and	  country	  
specific	  cultivar	  characterization;	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 Increasing	  the	  genetic	  and	  cytoplasmic	  diversity	  of	  hybrid	  parents	  in	  dual-­‐purpose	  
backgrounds	  for	  adaptation	  to	  different	  agro-­‐regions	  using	  a	  wider	  range	  of	  genetic	  and	  
conventional	  tools;	  
 Ensuring	  that	  released	  materials	  meet	  threshold	  levels	  of	  downy	  mildew	  and	  blast	  resistance;	  
 Improving	  the	  grain	  iron	  content	  of	  hybrid	  parents;	  
 Increasing	  the	  availability	  of	  hybrid	  parents	  for	  adaptation	  to	  drought,	  flowering	  stage	  heat	  
stress	  and	  salinity	  affected	  environments,	  using	  an	  integration	  of	  crop	  physiology,	  crop	  
modeling	  and	  genetics,	  as	  described	  in	  SC2;	  
 Strengthening	  the	  breeding	  programs	  on	  high	  biomass	  forage	  type	  plant	  types;	  
 Identification	  of	  country-­‐specific	  hybrids	  and	  crop	  management	  tools	  for	  ESA	  region;	  
 Identifying	  strategies	  to	  improve	  seed	  systems	  in	  ESA	  region;	  and	  
 Identify	  processing	  technologies	  and	  value	  added	  products	  to	  increase	  market	  value	  of	  crop.	  
Partnerships	  
Private	  seed	  sector	  in	  India:	  ICRISAT’s	  work	  with	  private	  sector	  partners	  has	  greatly	  contributed	  to	  
the	  development	  and	  marketing	  of	  a	  very	  diverse	  range	  of	  improved	  hybrids	  and	  varieties	  of	  pearl	  
millet	  in	  Asia.	  For	  example,	  in	  India,	  more	  than	  5	  million	  hectares	  are	  occupied	  by	  over	  80	  pearl	  
millet	  hybrids	  developed	  by	  private	  sector	  seed	  companies,	  of	  which	  about	  60-­‐70%	  hybrids	  have	  
been	  developed	  using	  ICRISAT-­‐bred	  parental	  lines	  or	  their	  derivatives.	  All	  these	  efforts	  contributed	  
to	  enhancing	  the	  pearl	  millet	  productivity	  in	  India	  from	  a	  mere	  530	  kg/ha	  in	  1988	  to	  1044	  kg/ha	  by	  
2010.	  The	  ICRISAT-­‐Private	  Sector	  Pearl	  Millet	  Hybrid	  Parents	  Consortia	  (PMHPRC)	  was	  established	  in	  
2000	  as	  an	  innovative	  platform	  for	  dissemination	  of	  improved	  research	  products	  to	  the	  farmers	  and	  
to	  get	  feedback	  from	  farmers	  and	  industry	  for	  prioritizing	  the	  research	  on	  a	  regular	  basis.	  
Furthermore,	  it	  facilitates	  mobilizing	  private	  sector	  support	  for	  public	  sector	  research.	  At	  present	  28	  
seed	  companies	  both	  from	  public	  and	  private	  sector	  are	  members	  of	  this	  consortium.	  	  
AICPMIP	  (All	  India	  Coordinated	  Pearl	  Millet	  Improvement	  Program):	  ICRISAT	  is	  closely	  working	  with	  
AICPMIP	  under	  the	  umbrella	  of	  ICAR-­‐ICRISAT	  collaborative	  project.	  AICPMIP	  centers	  tests	  breeding	  
materials	  (adaptation	  and	  trait	  specific)	  generated	  by	  ICRISAT	  to	  generate	  yield,	  and	  biotic/abiotic	  
stress	  data.	  This	  platform	  organizes	  annual	  consultation	  meetings	  among	  pearl	  millet	  stakeholders,	  
and	  provides	  feedback	  on	  the	  adaptation	  and	  productivity	  potential	  of	  ICRISAT	  bred	  materials	  that	  
guides	  ICRISAT’s	  program.	  The	  AICPMIP	  centers	  utilize	  ICRISAT-­‐bred	  materials	  in	  their	  breeding	  
programs	  as	  per	  their	  needs	  and	  this	  material	  has	  significantly	  contributed	  to	  the	  development	  of	  
hybrids	  from	  public	  sector	  in	  India.	  This	  platform	  also	  contributes	  to	  capacity	  building,	  and	  impact	  
assessment	  studies.	  Two	  national	  research	  institutes,	  Indian	  Agricultural	  Research	  Institute	  (IARI,	  N.	  
Delhi),	  and	  Centre	  for	  Arid-­‐Zone	  Research	  Institute	  (CAZRI,	  Jodhpur)	  are	  also	  closely	  working	  with	  
ICRISAT	  in	  specialized	  areas.	  	  
Product	  Line	  7	  –	  Multi-­‐purpose	  post-­‐rainy	  season	  sorghum	  hybrid	  production	  technologies	  for	  
improving	  food	  and	  fodder	  availability	  in	  the	  driest	  regions	  of	  South	  Asia	  
Rationale	  	  
India	  accounts	  for	  about	  90%	  of	  the	  semi-­‐arid	  lands	  of	  South	  Asia	  that	  are	  characterized	  by	  the	  low	  
per	  capita	  incomes,	  low	  nutrition	  levels	  and	  the	  high	  population	  growth	  rates.	  Sorghum	  is	  one	  of	  the	  
major	  staple	  crops	  grown	  in	  these	  areas	  and	  India	  has	  the	  largest	  sorghum	  area	  (8	  m	  ha)	  and	  third	  
highest	  production	  in	  the	  world.	  While	  it	  is	  grown	  in	  both	  the	  rainy	  and	  post-­‐rainy	  seasons	  in	  India,	  
post-­‐rainy	  season	  sorghum	  occupies	  a	  larger	  area	  (4.5	  m	  ha).	  Though	  the	  rainy	  season	  sorghum	  area	  
has	  drastically	  decreased	  to	  3	  m	  ha	  in	  India,	  the	  post-­‐rainy	  season	  sorghum	  area	  has	  remained	  stable	  
at	  4.5	  m	  ha,	  as	  it	  is	  a	  major	  food	  staple	  giving	  the	  best	  quality	  grain	  and	  stover	  (Reddy	  et	  al.	  2011	  and	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Ashok	  Kumar	  et	  al.	  2011).	  While	  there	  are	  a	  number	  of	  alternative	  crops	  like	  maize,	  soybean	  and	  
cotton	  in	  the	  rainy	  season,	  there	  are	  no	  alternative	  crops	  for	  post-­‐rainy	  season	  sorghum	  because	  the	  
crop	  is	  grown	  on	  the	  residual	  soil	  moisture	  with	  limited	  rainfall	  and	  often	  affected	  by	  the	  terminal	  
drought.	  Crops	  like	  maize	  do	  not	  produce	  well	  under	  such	  terminal	  moisture	  stress	  conditions,	  and	  
crops	  like	  pearl	  millet	  do	  not	  thrive	  with	  the	  cold	  conditions	  found	  in	  the	  post-­‐rainy	  season.	  
Therefore,	  sorghum	  is	  still	  the	  preferred	  crop	  choice	  of	  farmers	  in	  the	  shallow	  to	  medium	  deep	  black	  
soils	  of	  the	  Deccan	  Plateau	  of	  India.	  The	  Indian	  states	  of	  Maharashtra	  and	  Karnataka	  are	  targeted	  by	  
the	  CRP	  as	  these	  states	  together	  account	  for	  more	  than	  70%	  of	  the	  total	  post-­‐rainy	  sorghum	  area	  
and	  production	  and	  over	  60%	  consumption	  in	  India.	  Terminal	  drought	  is	  a	  chronic	  constraint	  
associated	  with	  post-­‐rainy	  season	  sorghum	  production.	  There	  is	  increasing	  knowledge	  of	  the	  traits	  
that	  contribute	  to	  enhanced	  production,	  germplasm	  containing	  these	  adaptive	  traits,	  and	  knowledge	  
of	  specific	  drought	  scenarios	  in	  the	  region,	  which	  will	  be	  combined	  in	  the	  CRP	  to	  develop	  higher	  
yielding	  cultivars.	  In	  this	  region,	  stover	  quality	  is	  an	  increasingly	  important	  component	  of	  the	  
sorghum	  value	  chain,	  which	  seemingly	  has	  no	  trade-­‐off	  effect	  with	  grain	  productivity,	  and	  that	  needs	  
to	  be	  jointly	  monitored	  during	  the	  breeding	  process.	  
The	  area,	  production	  and	  productivity	  trend	  analysis	  (1981-­‐2010)	  of	  sorghum	  in	  South	  Asia	  indicated	  
that	  while	  the	  sorghum	  area	  decreased	  by	  7%	  per	  year	  in	  India,	  the	  production	  did	  not	  decrease	  that	  
drastically	  (-­‐5%	  per	  year)	  due	  to	  an	  increase	  in	  productivity	  by	  2%	  per	  year.	  This	  is	  mainly	  due	  to	  
adoption	  of	  improved	  hybrids	  and	  management	  technologies	  by	  the	  farmers.	  Therefore,	  developing	  
improved	  products,	  technologies	  and	  enabling	  mechanisms	  for	  technology	  adoption	  by	  farmers	  is	  
critical	  for	  enhancing	  the	  productivity	  (and	  thereby	  production)	  of	  the	  crop.	  Based	  on	  adoption	  
studies	  in	  India,	  90%	  of	  the	  rainy	  season	  sorghum	  farmers	  adopt	  improved	  hybrids	  as	  opposed	  to	  
only	  20%	  of	  farmers	  adopting	  improved	  varieties	  in	  the	  post-­‐rainy	  season.	  A	  major	  reason	  is	  that	  
there	  are	  no	  high	  yielding	  hybrids	  with	  desirable	  quality	  available	  for	  the	  post-­‐rainy	  season.	  This	  also	  
explains	  the	  difference	  in	  the	  yields	  in	  rainy	  (1.2	  t/ha)	  and	  post-­‐rainy	  seasons	  (0.6	  t/ha).	  Not	  
surprising,	  the	  Constraint	  Analysis	  indicated	  that	  ‘grain	  yield’	  is	  the	  major	  constraint	  in	  post-­‐rainy	  
sorghum.	  Therefore,	  the	  CRP	  will	  develop	  appropriate	  materials,	  packages	  and	  partnerships	  to	  
elevate	  the	  game	  for	  post-­‐rainy	  sorghum.	  	  
Traditionally,	  landrace	  varieties	  are	  the	  cultivar	  of	  choice	  in	  the	  post-­‐rainy	  season	  as	  these	  possess	  
the	  farmer-­‐	  and	  market-­‐preferred	  bold	  white	  lustrous	  grains,	  good	  shoot	  fly	  resistance	  and	  drought	  
tolerance.	  In	  addition,	  the	  post-­‐rainy	  cultivars	  must	  possess	  the	  photoperiod	  sensitivity	  and	  
temperature	  insensitivity	  to	  perform	  well	  under	  the	  short	  day	  length	  and	  low	  temperature	  
conditions	  in	  the	  post-­‐rainy	  season.	  Being	  dominated	  by	  open-­‐pollinated	  varieties,	  there	  is	  little	  
interest	  by	  the	  private	  sector	  in	  the	  post-­‐rainy	  sorghum	  seed	  chain.	  Therefore,	  the	  seed	  replacement	  
ratio	  is	  also	  quite	  low.	  The	  Indian	  national	  program	  has	  released	  some	  hybrids,	  but	  their	  spread	  is	  
very	  low	  due	  to:	  
 low	  heterosis	  for	  grain	  yield,	  
 grain	  quality	  not	  matching	  with	  OPVs,	  
 low	  shoot	  fly	  resistance,	  
 low	  drought	  tolerance,	  
 poor	  seed	  production	  and	  distribution,	  and	  
 long	  holding	  time	  between	  seed	  production	  and	  distribution	  in	  the	  post-­‐rainy	  season	  for	  seed	  
producers.	  
To	  overcome	  these	  issues,	  the	  CRP	  will	  undertake	  innovative	  approaches	  to	  develop	  heterotic	  
hybrids	  with	  preferred	  quality	  that	  were	  previously	  not	  attempted.	  These	  approaches	  include	  the	  
following.	  
 Use	  of	  caudatum	  females	  and	  landrace	  based	  pollinators	  for	  deriving	  the	  hybrids	  –	  As	  the	  
genetic	  base	  of	  the	  post-­‐rainy	  season	  material	  is	  narrow,	  there	  is	  no	  significant	  heterosis	  in	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the	  hybrids.	  There	  is	  good	  evidence	  on	  using	  the	  caudatum	  based	  female	  lines	  and	  durra-­‐
caudatum	  based	  landrace	  pollinators	  for	  developing	  high	  yielding	  hybrids	  (Reddy	  and	  
Stenhouse	  1994).	  To	  use	  this	  approach,	  the	  caudatum	  based	  females	  need	  to	  be	  improved	  for	  
grain	  quality	  and	  resistance	  to	  shoot	  fly.	  We	  will	  follow	  two	  approaches	  to	  improve	  the	  grain	  
quality.	  One	  by	  crossing	  selected	  caudatum	  females	  with	  post-­‐rainy	  season	  adapted	  landrace	  
varieties	  with	  maintainer	  reaction	  using	  genetic	  male	  steriles	  and	  selecting	  for	  the	  dwarfness	  
and	  good	  grain	  quality	  and	  then	  backcrossing	  these	  dwarf	  male	  steriles	  with	  the	  landrace	  
varieties	  as	  recurrent	  parents	  and	  identifying	  the	  progenies	  with	  maintainer	  reaction	  and	  
converting	  them	  to	  male	  steriles.	  Secondly,	  by	  identifying	  the	  genomic	  regions	  contributing	  
for	  grain	  quality	  using	  genotyping	  by	  sequencing	  and	  increasing	  the	  frequency	  of	  desirable	  
alleles	  contributing	  to	  grain	  quality	  in	  the	  populations.	  In	  both	  strategies,	  we	  will	  follow	  
season	  specific	  selection	  to	  capture	  the	  needed	  additional	  adaptation	  traits,	  photoperiod	  
sensitivity	  and	  temperature	  insensitivity.	  	  
 Increasing	  genetic	  diversity	  in	  post-­‐rainy	  season	  sorghum	  material	  –	  Genetic	  diversification	  of	  
post-­‐rainy	  season	  sorghum	  parents	  is	  underway	  at	  ICRISAT	  by	  bringing	  in	  new	  variability	  from	  
‘Muskwari’	  sorghums	  from	  SSA	  and	  bold	  grain	  material	  from	  Yemen	  that	  have	  the	  preferred	  
grain	  quality	  traits.	  A	  recent	  study	  using	  SSRs	  indicated	  that	  the	  material	  from	  SSA	  and	  Yemen	  
is	  genetically	  diverse	  from	  the	  landrace	  varieties	  of	  India.	  Both	  F3	  and	  F4	  material	  is	  developed	  
using	  these	  diverse	  parents	  in	  the	  crossing	  program	  
 Improving	  the	  fodder	  quality	  –ICRISAT	  has	  recognized	  the	  importance	  of	  fodder	  yield	  and	  
quality	  and	  is	  improving	  the	  sugar	  content,	  biomass	  and	  nutritional	  quality	  of	  fodder	  by	  
season	  specific	  breeding.	  
 Wide	  hybridization	  is	  effectively	  being	  used	  and	  ICRISAT	  succeeded	  in	  making	  sorghum	  ×	  
maize	  crosses	  (using	  a	  bridge	  line)	  and	  two	  hybrid	  plants	  are	  currently	  growing	  in	  the	  
greenhouse.	  We	  hope	  to	  identify	  some	  exciting	  phenotypes	  from	  these	  plants.	  
 Transferring	  the	  shoot	  fly	  resistance	  QTL	  in	  to	  elite	  post-­‐rainy	  season	  sorghum	  hybrid	  parents	  
–	  Several	  studies	  on	  QTL	  mapping	  and	  MABC	  for	  shoot	  fly	  improvement	  (Satish	  et	  al	  2009)	  
resulted	  in	  the	  development	  of	  introgression	  lines	  with	  3	  to	  4	  shoot	  fly	  resistance	  QTLs	  in	  
agronomically	  elite	  genetic	  backgrounds	  of	  rainy	  season	  hybrid	  parent	  (BTx623).	  The	  effect	  of	  
these	  QTLs	  on	  improved	  shoot	  fly	  resistance	  had	  been	  validated	  through	  multi-­‐season	  
evaluations.	  Utilizing	  these	  introgression	  lines	  to	  transfer	  the	  shoot	  fly	  resistance	  QTLs	  into	  
post-­‐rainy	  sorghum	  hybrid	  parents	  is	  more	  effective	  than	  using	  the	  original	  low-­‐yielding	  shoot	  
fly	  resistance	  germplasm	  accession	  (IS	  18551).	  Four	  hybrid	  parents	  are	  currently	  being	  
introgressed	  with	  different	  QTLs.	  
 Improving	  the	  drought	  resistance	  –	  At	  ICRISAT,	  growth-­‐stage-­‐specific	  breeding	  for	  drought	  
tolerance,	  which	  involves	  alternate	  seasons	  of	  screening	  in	  specific	  drought	  and	  well-­‐watered	  
environments,	  has	  been	  used	  to	  breed	  sorghum	  that	  can	  yield	  well	  in	  both	  high-­‐yield-­‐
potential	  environments	  as	  well	  as	  in	  drought-­‐prone	  environments	  (Reddy	  et	  al	  2009).	  Since	  
hybrids	  exhibit	  relatively	  better	  performance	  than	  open	  pollinated	  cultivars	  for	  grain	  yield	  
under	  water-­‐limited	  environments,	  hybrid	  cultivar	  development	  (including	  their	  parents)	  will	  
be	  given	  strategic	  importance	  for	  enhancing	  sorghum	  production	  in	  water-­‐scarce	  
environments	  (Reddy	  et	  al	  2009).	  Four	  stable	  and	  major	  QTLs	  were	  identified	  for	  the	  stay-­‐
green	  trait	  and	  are	  being	  introgressed	  through	  MAS	  into	  elite	  genetic	  backgrounds	  at	  ICRISAT,	  
QDPI,	  Purdue	  University,	  and	  Texas	  A&M	  University	  (Nagy	  et	  al	  1995).	  The	  hybrid	  parents	  
introgressed	  with	  stay-­‐green	  QTL	  will	  be	  used	  in	  the	  hybrid	  development.	  
 Identification	  of	  suitable	  locations	  for	  summer	  seed	  production	  (January	  planting)	  to	  reduce	  
seed	  holding	  time	  and	  thereby	  helping	  private	  sector	  to	  produce	  the	  hybrid	  seed	  and	  move	  it	  
readily	  to	  farmers	  with	  little	  holding	  time.	  
 Development	  and	  testing	  of	  large	  number	  of	  hybrids	  (more	  than	  1000)	  every	  year	  involving	  
the	  private	  sector	  and	  public	  sector	  partners	  in	  hybrid	  development	  and	  evaluation.	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Targets	  
Product	  Line	  7	  will	  target	  over	  a	  ten-­‐year	  period,	  an	  increase	  in	  post-­‐rainy	  season	  sorghum	  
production	  in	  the	  States	  of	  Karnataka	  and	  Maharashtra	  in	  India	  of	  1.8	  million	  tons	  (Table	  7).	  An	  
estimated	  1.53	  million	  ha	  of	  post-­‐rainy	  season	  sorghum	  in	  these	  States,	  that	  are	  cultivated	  by	  1.18	  
million	  farmers	  will	  be	  targeted.	  Total	  beneficiaries	  are	  estimated	  to	  be	  5.89	  million.	  
Activities	  
To	  achieve	  these	  targets,	  activities	  will	  go	  far	  beyond	  the	  crop	  research,	  and	  will	  include:	  	  
 active	  monitoring	  of	  crop	  production,	  utilization	  and	  marketing	  trends	  (especially	  seed	  
requirements	  for	  private	  sector	  seed	  interest);	  
 communications	  research	  to	  ensure	  that	  farmers	  have	  access	  to	  up	  to	  date	  information;	  
 focus	  research	  on	  specific	  user	  needs,	  especially	  processing	  sector;	  
 strengthening	  the	  role	  of	  the	  private	  sector,	  particularly	  in	  the	  seed	  sector;	  
 partnering	  with	  development	  actors	  to	  create	  synergies	  for	  joint	  learning,	  for	  making	  tangible	  
impacts	  from	  dryland	  cereals	  improvements;	  and	  
 updating	  and	  informing	  policy	  makers	  on	  advantages	  and	  opportunities	  of	  post-­‐rainy	  season	  
sorghum.	  
The	  research	  will	  focus	  on:	  
 genetic	  diversification	  of	  post-­‐rainy	  adapted	  material	  by	  bringing	  in	  new	  variability;	  
 hybrid	  parents	  and	  varieties	  development	  with	  specific	  adaptation,	  pest	  and	  disease	  
resistance,	  preferred	  grain	  and	  stover	  quality,	  iron	  and	  zinc	  concentrations	  (linked	  to	  A4NH),	  
and	  key	  processing	  traits;	  	  
 exploiting	  wild	  relatives	  for	  novel	  resistance	  genes,	  biomass	  and	  quality	  traits	  and	  using	  
marker-­‐assisted	  breeding	  methods;	  
 improving	  efficiency	  of	  selection	  for	  multiple	  traits,	  using	  a	  wider	  range	  of	  genetic	  and	  
conventional	  tools	  
 using	  crop	  simulation	  modeling	  to	  help	  in	  the	  selection	  of	  key	  traits	  in	  specific	  stress	  
scenarios;	  
 strengthening	  the	  use	  of	  heterotic	  pools	  for	  hybrid	  parent	  development	  among	  sorghum	  
research	  partners;	  and	  
 developing	  farmer	  tested	  cultivars	  and	  crop	  management	  tools	  for	  sustainable	  intensification,	  
for	  a	  range	  of	  crop	  uses,	  e.g.	  balancing	  grain	  yield,	  and	  fodder	  quality	  
Partnerships	  
There	  is	  a	  time	  tested	  strong	  collaboration	  between	  the	  ICRISAT	  and	  Indian	  NARS	  in	  sorghum	  
improvement	  spanning	  over	  40	  years.	  India	  is	  the	  largest	  donor	  of	  sorghum	  accessions	  to	  ICRISAT	  
gene	  bank,	  which	  has	  one	  of	  the	  worlds’	  largest	  sorghum	  germplasm	  collections.	  ICRISAT	  is	  working	  
hand	  in	  hand	  with	  the	  Indian	  Council	  of	  Agricultural	  Research	  (ICAR)	  particularly	  with	  Directorate	  of	  
Sorghum	  Research	  (DSR),	  All	  India	  Coordinated	  Sorghum	  Improvement	  Project	  (AICSIP)	  and	  State	  
Agricultural	  Universities	  to	  meet	  the	  challenges	  in	  sorghum	  production	  and	  has	  been	  successful	  in	  
developing	  improved	  sorghum	  varieties,	  hybrid	  parents	  and	  hybrids	  and	  improved	  management	  
technologies	  and	  their	  dissemination	  to	  farmers.	  This	  helped	  in	  increasing	  the	  sorghum	  productivity,	  
maintaining	  sorghum	  production	  level	  in	  spite	  of	  sharp	  decrease	  in	  sorghum	  area	  (by	  more	  than	  
50%)	  in	  the	  last	  30	  years.	  ICRISAT	  and	  ICAR	  work	  in	  a	  collaborative	  mode	  to	  address	  various	  issues	  in	  
sorghum	  research	  for	  development	  and	  also	  are	  partners	  in	  implementation	  of	  a	  number	  of	  bilateral	  
projects	  like	  HOPE,	  NAIP,	  CFC,	  DBT,	  MNRE	  and	  others.	  The	  CRP	  will	  also	  work	  closely	  with	  the	  private	  
sector	  as	  currently	  being	  done	  under	  the	  ICRISAT-­‐Private	  Sector	  Sorghum	  Hybrid	  Parents	  Consortium	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for	  quicker	  dissemination	  of	  research	  products	  to	  farmers.	  We	  propose	  to	  strengthen	  this	  
collaboration	  with	  public	  and	  private	  sector	  further	  for	  the	  benefit	  of	  smallholder	  post-­‐rainy	  season	  
sorghum	  farmers	  in	  India.	  Specifically,	  under	  this	  CRP,	  we	  propose	  to	  work	  closely	  with	  the	  DSR	  
(including	  AICSIP),	  MAU,	  MPKV	  and	  UAS	  in	  developing	  the	  improved	  sorghum	  product	  lines	  and	  their	  
dissemination	  to	  make	  a	  difference	  to	  the	  post-­‐rainy	  sorghum	  production	  system	  in	  the	  country.	  We	  
also	  will	  make	  use	  of	  the	  expertise	  of	  our	  time-­‐tested	  partners	  USAID	  CRSPs,	  GCP,	  CIRAD,	  EMBRAPA	  
and	  CAAS	  in	  improving	  the	  product	  lines	  and	  to	  share	  the	  materials	  emanating	  from	  the	  CRP	  
globally.	  We	  believe	  this	  strong	  global	  network	  of	  partners	  for	  development	  and	  dissemination	  of	  
product	  lines	  helps	  to	  make	  tangible	  impacts	  on	  the	  sorghum	  production.	  
There	  is	  an	  on-­‐going	  partnership	  with	  the	  University	  of	  Queensland	  group	  and	  related	  APSIM	  
developer	  group,	  for	  their	  common	  interests	  in	  developing	  drought	  tolerant	  sorghum	  hybrids.	  They	  
will	  partner	  with	  us	  by	  providing	  the	  necessary	  modeling	  support,	  and	  in	  sharing	  information,	  
materials	  and	  knowledge	  on	  drought	  adaptive	  traits,	  and	  especially	  about	  the	  deciphering	  of	  genes	  
underlying	  key	  stay-­‐green	  QTLs	  and	  the	  effect	  of	  these	  QTL	  in	  different	  genetic	  backgrounds.	  
For	  the	  monitoring	  and	  communications	  activities	  we	  will	  rely	  on	  collaboration	  with	  farmers’	  
organizations,	  NGOs,	  development	  actors,	  and	  press	  and	  TV	  networks,	  and	  communication	  
professionals	  for	  their	  wide	  coverage	  and	  impact.	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STRATEGIC	  COMPONENTS	  
These	  above	  game-­‐changing	  Product	  Lines	  (PLs)	  represent	  ‘the	  what’	  that	  Dryland	  Cereals	  will	  
produce	  over	  the	  ten-­‐year	  period.	  By	  themselves,	  however,	  they	  are	  not	  enough.	  As	  past	  experience	  
has	  shown,	  without	  ‘access’,	  adoption	  of	  new	  technology	  will	  remain	  low	  and	  impact	  will	  remain	  
minimal.	  To	  realize	  their	  potential,	  the	  PLs	  must	  form	  part	  of	  a	  strategy	  that	  can	  make	  new	  
technology	  accessible	  to	  farmers.	  A	  strategy	  to	  deliver	  these	  Product	  Lines	  will	  require	  several	  
elements,	  which	  we	  have	  called	  Strategic	  Components	  (which	  represent	  ‘the	  how’).	  We	  have	  
identified	  five	  Strategic	  Components	  (Figure	  8),	  united	  by	  a	  focus	  on	  ‘access’,	  that	  will	  facilitate	  the	  
efficiency	  of	  research	  on	  dryland	  cereals	  and	  use	  innovative	  approaches	  that	  will	  enhance	  delivery	  
and	  uptake.	  Many	  of	  the	  barriers	  to	  adoption	  of	  new	  technology	  are	  outside	  the	  scope	  of	  the	  CRP.	  
The	  Strategic	  Components	  address	  only	  the	  barriers	  that	  fall	  within	  our	  remit,	  and	  for	  which	  we	  have	  
tested	  examples	  of	  innovative	  approaches.	  
	  
Figure	  8.	  Dryland	  Cereals	  Strategic	  Components	  
 Access	  to	  data,	  information	  and	  knowledge	  
SC1.	  	   Assembling	  and	  making	  accessible	  data	  and	  knowledge	  for	  better	  targeting	  of	  
dryland	  cereal	  technologies	  to	  enhance	  their	  adoption	  by	  smallholder	  farmers	  
 Access	  to	  better	  cultivars	  
SC2.	  	   Developing	  improved	  dryland	  cereal	  varieties	  and	  hybrids	  for	  increased	  grain	  and	  
stover	  yield,	  quality	  and	  adaptation	  in	  smallholder	  farmers’	  fields	  
 Access	  to	  integrated	  crop	  management	  options	  
SC3.	  	   Integrating	  sustainable	  crop,	  pest	  and	  disease	  management	  options,	  and	  enhancing	  
crop-­‐livestock	  integration,	  to	  capture	  genetic	  gains	  from	  improved	  varieties	  and	  
hybrids	  
 Access	  to	  seed	  
SC4.	  	   Promoting	  effective	  seed	  dissemination	  for	  better	  delivery	  of	  improved	  cultivars	  to	  
smallholder	  farmers	  
 Access	  to	  markets	  
SC5.	  	   Promoting	  post-­‐harvest	  value	  addition	  and	  market	  access	  to	  enhance	  income	  of	  
smallholder	  dryland	  cereal	  producers	  	  
Together,	  the	  Strategic	  Components	  cover	  the	  entire	  value	  chain	  for	  each	  dryland	  cereal	  crop.	  A	  
Value	  Chain	  approach	  is	  essential	  to	  ensure	  that	  research	  is	  demand-­‐driven	  and	  identifies	  
institutional	  innovations	  to	  overcome	  market	  failures	  that	  may	  reduce	  farmers’	  demand	  for	  new	  
technology.	  This	  approach	  is	  particularly	  relevant	  in	  view	  of	  the	  increased	  demand	  for	  dryland	  
cereals	  for	  non-­‐food	  uses.	  Processors’	  requirements	  in	  terms	  of	  volume	  and	  quality	  may	  exclude	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smallholders	  from	  these	  new	  markets	  unless	  specific	  interventions	  are	  made	  to	  make	  them	  more	  
accessible.	  	  
While	  all	  five	  Strategic	  Components	  are	  necessary	  to	  ensure	  that	  each	  Production	  Package	  achieves	  
the	  desired	  impact,	  the	  relative	  contribution	  of	  each	  Component	  will	  differ	  by	  region	  and	  by	  crop	  
(Table	  8).	  For	  example,	  Strategic	  Component	  4	  on	  promoting	  innovative	  seed	  delivery	  systems	  is	  
vital	  for	  pearl	  millet	  and	  sorghum	  in	  WCA,	  but	  less	  important	  in	  SA,	  where	  hybrid	  seed	  is	  widely	  
available	  through	  a	  strong	  network	  of	  agro-­‐dealers.	  Similarly,	  Strategic	  Component	  5	  on	  post-­‐harvest	  
processing	  has	  a	  high	  priority	  in	  ESA,	  where	  manual	  threshing	  and	  unclean	  grain	  may	  exclude	  
smallholders	  from	  commercial	  markets,	  but	  a	  lower	  priority	  in	  WCA	  and	  SA.	  
Table	  8.	  Contribution	  of	  Strategic	  Components	  to	  the	  Product	  Lines	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The	  following	  section	  provides	  a	  short	  description	  of	  the	  five	  Strategic	  Components,	  indicating	  the	  
rationale,	  research	  approach,	  innovations	  and	  partnerships	  afforded	  by	  working	  in	  the	  CRP.	  	  
Strategic	  Component	  1	  –	  Assembling	  and	  making	  accessible	  data	  and	  knowledge	  for	  better	  
targeting	  of	  dryland	  cereal	  technologies	  to	  enhance	  their	  adoption	  by	  smallholder	  farmers	  
Overview	  
In	  conjunction	  with	  Policies,	  Institutions	  and	  Market,	  Strategic	  Component	  1	  (SC1)	  aims	  to	  develop	  
information	  resources	  required	  for	  better	  targeting	  of	  Dryland	  Cereals	  research	  efforts,	  as	  well	  as	  
develop	  communication	  tools	  to	  facilitate	  adoption	  of	  farmer	  preferred	  innovations.	  An	  interactive	  
database	  will	  be	  designed	  to	  track	  the	  performance,	  adoption	  and	  impact	  of	  dryland	  cereal	  
technologies,	  as	  part	  of	  a	  flexible	  M&E	  system	  that	  will	  be	  implemented	  to	  facilitate	  critical	  
reflection,	  learning	  and	  feedback.	  Information	  on	  consumption,	  trade,	  uses	  and	  nutrition	  of	  dryland	  
cereals	  by	  target	  populations	  (urban	  and	  rural)	  will	  complement	  this	  data.	  This	  will	  enable	  CRP	  
partners,	  and	  other	  stakeholders	  to	  refine	  trend	  analyses	  and	  predict	  impacts	  and	  future	  trends.	  
Enhanced	  capacity	  for	  information	  and	  knowledge	  sharing	  are	  equally	  important	  when	  it	  comes	  to	  
communicating	  farmers’	  experiences	  with	  technologies	  to	  other	  farmers.	  The	  communications	  
research	  will	  focus	  on	  facilitating	  effective	  farmer-­‐to-­‐farmer	  exchanges,	  with	  a	  focus	  on	  using	  new	  
information	  technologies,	  such	  as	  farmer-­‐to-­‐farmer	  videos,	  interactive	  rural	  radio	  programming,	  and	  
mobile	  phone	  messaging.	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Rationale	  and	  objective	  
Agricultural	  research	  institutes	  the	  world	  over	  have	  developed	  crop	  improvement	  and	  
management	  technologies	  and	  innovations	  targeting	  rainfed	  agriculture.	  However,	  these	  
technologies	  and	  innovations	  often	  do	  not	  reach	  smallholder	  farmers	  due	  to	  a	  lack	  of	  effective	  
delivery	  mechanisms,	  limited	  access	  to	  capital,	  poor	  infrastructure,	  weak	  linkages	  between	  
producers	  and	  input	  and	  product	  markets,	  and	  a	  lack	  of	  appropriate	  policy	  support,	  as	  well	  as	  
inappropriate	  communication	  approaches.	  	  
To	  increase	  returns	  to	  investments	  in	  R4D,	  it	  is	  necessary	  to	  prioritize	  research	  investments,	  and	  
communicate	  results	  effectively	  to	  end-­‐users.	  Making	  databases	  on	  key	  indicators	  for	  dryland	  cereal	  
production	  available	  will	  facilitate	  ex-­‐ante	  analyses	  of	  potential	  impacts	  from	  specifically	  targeted	  
technologies	  and	  delivery	  alternatives.	  When	  complemented	  by	  participatory	  technology	  
development	  and	  research	  approaches	  that	  result	  in	  clear	  information	  useful	  for	  farmers,	  impact	  
will	  be	  increased	  through	  greater	  success	  in	  technology	  development,	  innovation	  and	  adoption.	  	  
Research	  approach	  
In	  close	  collaboration	  with	  CRP	  on	  Policies,	  Institutions	  and	  Market,	  Strategic	  Component	  1	  will	  
develop	  the	  information	  resources	  required	  for	  better	  targeting	  of	  the	  Dryland	  Cereals	  research	  
program,	  for	  exploiting	  opportunities	  to	  develop	  and	  promote	  appropriate	  technologies	  and	  
innovations,	  as	  well	  as	  to	  guide	  development	  investors.	  Specifically,	  this	  Component	  will	  develop	  an	  
information	  system	  to	  track	  the	  introduction,	  adoption	  and	  impact	  of	  proven	  dryland	  cereal	  
technologies	  in	  primary	  target	  and	  secondary	  diffusion	  areas	  in	  Africa	  and	  Asia.	  It	  will	  identify	  drivers	  
of	  adoption	  and	  indicators	  of	  impact	  in	  terms	  of	  socio-­‐cultural	  preferences,	  productivity,	  equity,	  
income,	  employment,	  profitability	  and	  food	  and	  nutrition	  security	  that	  need	  to	  be	  tracked.	  It	  will	  design	  
and	  implement	  a	  participatory,	  innovative	  and	  science-­‐based	  monitoring	  and	  evaluation	  system	  that	  
will	  allow	  critical	  reflection,	  learning	  and	  feedback.	  The	  monitoring	  and	  documentation	  will	  use	  
multi-­‐dimensional	  indicators.	  GIS	  tools	  will	  be	  used	  to	  develop	  maps	  of	  target	  areas	  for	  technology	  
delivery	  and	  diffusion,	  and	  situation	  and	  outlook	  reports	  will	  be	  prepared	  for	  dryland	  cereals	  in	  the	  
WCA,	  ESA,	  CWANA,	  and	  SA	  regions.	  We	  expect	  that	  these	  databases	  will	  be	  interactive,	  and	  useable	  by	  
a	  wide	  range	  of	  stakeholders.	  
In	  addition	  to	  capturing	  the	  data	  and	  feedback	  from	  farmers,	  this	  component	  will	  work	  with	  
communication	  specialists	  to	  develop	  tools	  and	  approaches	  for	  facilitating	  farmer	  to	  farmer	  
learning	  from	  interactive,	  participatory	  learning	  and	  adaptation	  of	  innovations.	  We	  will	  work	  with	  
video	  specialists,	  rural	  radios,	  as	  well	  other	  IT	  specialists	  to	  develop	  effective	  options	  for	  delivering	  
these	  messages	  to	  a	  wide	  and	  diverse	  audience.	  An	  important	  research	  component	  will	  be	  to	  
evaluate	  the	  effectiveness	  of	  specific	  tools	  and	  options	  for	  further	  learning.	  	  
The	  capacity	  of	  all	  partners	  will	  be	  enhanced	  through	  training	  in	  participatory	  approaches	  to	  
monitoring,	  evaluation,	  and	  information	  sharing,	  survey	  design	  and	  analysis	  of	  dynamics	  of	  
adoption	  and	  impact	  of	  dryland	  cereals.	  
Innovative	  approaches	  	  
Strategic	  Component	  1	  will	  capitalize	  on	  new	  science	  tools	  to	  capture	  data,	  including	  computer-­‐
assisted	  processing	  instruments	  (CAPIs)	  for	  gathering	  ongoing	  M&E	  information;	  PRA	  innovations	  to	  
regularly	  complement	  the	  baseline	  and	  monitoring	  farm	  surveys	  on	  adoption	  and	  real-­‐time	  
intermediate	  impacts;	  and	  a	  project	  portal	  using	  cloud	  computing	  that	  effectively	  serves	  as	  a	  
platform	  for	  disseminating	  and	  retrieving	  data.	  Partners	  with	  competencies	  in	  new	  science	  tools	  will	  
be	  strategically	  involved	  for	  spatial	  analyses	  (e.g.,	  ESRI,	  aWhere	  and	  the	  GIS	  unit	  at	  CIAT),	  data	  
management	  and	  warehousing	  (Microsoft	  or	  other	  resources)	  to	  enhance	  research	  efficiency	  in	  
economic	  and	  social	  analysis,	  synthesis,	  documentation	  and	  data	  dissemination.	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Communicating	  these	  results,	  especially	  farmers’	  experiences	  with	  specific	  integrated	  innovations	  to	  
other	  farmers,	  will	  benefit	  from	  innovation	  approaches	  for	  developing	  video	  or	  radio	  messages,	  
information	  campaigns,	  as	  well	  new	  research	  tools	  for	  their	  evaluation.	  	  
Partnerships	  
Key	  partners	  for	  Strategic	  Component	  1	  include	  groups	  engaged	  in	  agricultural	  research	  and	  
development	  monitoring,	  evaluation	  and	  impact	  assessment.	  Experts	  from	  various	  disciplines	  will	  be	  
engaged	  to	  ensure	  the	  effectiveness	  of	  the	  envisioned	  participatory	  process	  involving	  stakeholders	  
across	  the	  dryland	  cereals	  value	  chain.	  Also,	  partners	  with	  special	  competencies	  in	  using	  advanced	  
research	  tools,	  including	  GIS	  and	  spatial	  analysis,	  as	  well	  as	  in	  data	  management	  and	  warehousing	  
will	  be	  involved.	  
Well-­‐established	  and	  emerging	  farmers’	  associations	  will	  play	  important	  roles	  in	  identifying	  farmers’	  
needs	  and	  opportunities,	  experiences	  with	  technologies,	  in	  specific	  zones	  or	  regions.	  Development	  
organizations	  working	  to	  improve	  crop	  productivity	  and	  sustainability	  in	  dryland	  areas,	  private	  
businesses	  that	  need	  dryland	  cereals	  to	  produce	  products	  for	  end	  users	  (such	  as	  breweries),	  and	  
service	  and	  input	  providers	  will	  be	  essential	  partners	  under	  Strategic	  Component	  1.	  Major	  research	  
and/or	  development	  partners	  with	  specific	  competencies	  in	  socioeconomic	  and	  policy	  analysis	  will	  
also	  be	  involved.	  At	  this	  point,	  the	  following	  partnerships	  are	  envisioned:	  
 M&E	  groups	  and	  socioeconomic	  departments	  of	  national	  agricultural	  research	  organizations,	  
including	  ICAR	  and	  SAUs	  in	  India,	  NARES	  in	  WCA	  and	  ESA	  target	  countries	  will	  be	  involved	  in:	  
identification	  of	  key	  players	  in	  the	  value	  chain;	  baseline	  data	  collection;	  primary	  data	  
collection	  and	  surveys	  relating	  to	  proposed	  interventions;	  and	  harmonization	  of	  procedural	  
frameworks.	  Advanced	  research	  institutions	  and	  universities,	  such	  as	  IRD/CIRAD	  (France),	  
ACIAR	  (Australia),	  Purdue	  University	  and	  the	  University	  of	  Florida	  –	  Gainesville	  (USA)	  will	  be	  
engaged	  to	  help	  analyze	  aggregated	  data	  and	  information,	  and	  assess	  impacts	  and	  policy	  
implications.	  
 Gender	  experts	  and	  practitioners	  in	  Dryland	  Systems,	  NARES,	  FAO	  and	  other	  UN	  Agencies,	  
and	  rural	  development	  NGOs	  will	  help	  design	  and	  implement	  gender-­‐sensitive	  data	  gathering	  
tools	  and	  processes	  and	  ensure	  the	  validity	  of	  results	  obtained.	  National	  agro-­‐industries	  and	  
private	  firms	  involved	  in	  dryland	  cereals	  processing	  and	  marketing,	  farmer	  organizations,	  and	  
development	  partners	  will	  also	  be	  tapped	  to	  create	  communication	  tools	  and	  messages.	  
 Rural	  radio	  stations,	  video	  specialists,	  and	  other	  communication	  experts.	  	  
Strategic	  Component	  2	  –	  Developing	  improved	  dryland	  cereal	  varieties	  and	  hybrids	  for	  increased	  
grain	  and	  stover	  yield,	  quality	  and	  adaptation	  in	  smallholder	  farmers’	  fields	  
Overview	  
Strategic	  Component	  2	  (SC2)	  focuses	  on	  providing	  the	  tools	  and	  germplasm	  necessary	  to	  achieve	  the	  
breeding	  targets	  planned	  for	  each	  of	  the	  product	  lines.	  This	  will	  include	  further	  development	  of	  the	  
International	  Breeding	  Platform	  for	  the	  needs	  of	  dryland	  cereal	  breeders,	  the	  development	  of	  
genomic	  tools,	  phenotyping	  capacity,	  as	  well	  as	  strengthening	  the	  integration	  of	  these	  tools	  into	  well	  
targeted	  breeding	  programs	  for	  the	  target	  crops	  and	  target	  regions.	  For	  each	  of	  the	  dryland	  cereals,	  
the	  centers	  of	  origin	  and	  diversity	  are	  part	  of	  the	  prioritized	  target	  regions,	  thus	  effective	  germplasm	  
use	  and	  management	  will	  be	  the	  basis	  for	  achieving	  genetic	  gains.	  
Rationale	  and	  objective	  
Genetic	  solutions	  –	  new	  varieties	  and	  hybrids	  –	  tend	  to	  provide	  low-­‐cost	  entry	  points	  for	  more	  
comprehensive	  system-­‐level	  technology	  changes,	  decreasing	  food	  shortages,	  and	  increasing	  levels	  of	  
income	  (Waddington	  et	  al.	  2010).	  A	  prerequisite	  for	  success	  of	  improved	  varieties	  or	  hybrids	  of	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dryland	  cereals	  is	  their	  adaptation	  to	  the	  patterns	  of	  rainfall	  and	  water	  availability	  of	  specific	  target	  
production	  systems.	  They	  must	  also	  be	  adapted	  to	  prevalent	  pest,	  weed	  and	  disease	  dynamics,	  and	  
other	  constraints	  of	  specific	  cropping	  systems,	  such	  as	  nutrient	  deficiencies	  or	  toxicities,	  and	  high	  or	  
low	  temperatures	  during	  critical	  growth	  phases.	  Appropriate	  end-­‐use	  traits,	  such	  as	  grain	  and	  stover	  
quality,	  are	  similarly	  essential	  for	  determining	  adoptability	  of	  new	  varieties	  in	  specific	  production	  
systems.	  
To	  make	  a	  difference	  for	  farmers	  the	  new	  varieties	  of	  dryland	  cereals	  need	  to	  provide	  significant	  
advantages	  in	  terms,	  for	  example,	  of	  grain	  or	  fodder	  yield	  potential	  and	  stability	  or	  overall	  
commercial	  value	  to	  farmers.	  Dryland	  cereals	  traditionally	  have	  multiple	  end-­‐uses:	  grain	  for	  food,	  
feed	  or	  industrial	  uses	  (e.g.,	  malting);	  and	  stover	  for	  fodder,	  construction,	  fuel,	  or	  as	  a	  soil	  
amendment.	  It	  is	  this	  complexity	  and	  multiplicity	  of	  traits	  required,	  in	  view	  of	  the	  enormous	  diversity	  
of	  cropping	  systems	  in	  which	  dryland	  cereals	  are	  grown,	  that	  is	  the	  major	  challenge	  for	  achieving	  
impacts	  from	  varietal	  improvement	  of	  these	  crops.	  Our	  breeding	  strategies	  and	  methods	  have,	  over	  
the	  past	  10-­‐15	  years,	  evolved	  to	  become	  more	  efficient	  in	  dealing	  with	  multiple	  farmer-­‐preferred	  
traits	  and	  in	  targeting	  specific	  productivity	  improvements,	  as	  well	  as	  providing	  farmers	  with	  a	  range	  
of	  varietal	  options	  for	  the	  major	  production	  systems	  being	  targeted	  (Rattunde	  et	  al.	  1997).	  
Research	  approach	  
The	  work	  planned	  under	  Strategic	  Component	  2	  aims	  at	  creatively	  using	  the	  very	  wide	  range	  of	  
genetic	  diversity	  found	  in	  these	  cereals,	  between	  and	  within	  species,	  to	  develop	  new	  varietal	  options	  
for	  smallholder	  farmers	  to	  increase	  their	  own	  household	  food	  security	  and/or	  incomes	  via	  new	  
options	  for	  marketing	  cereals	  or	  derived	  products.	  	  
In	  terms	  of	  genetics	  resources,	  new	  collection	  missions	  will	  give	  highest	  priority	  to	  collecting	  
landraces	  and	  wild	  relatives	  of	  dryland	  cereals	  in	  primary	  and	  secondary	  centers	  of	  diversity	  
threatened	  with	  loss	  of	  biodiversity.	  Mini-­‐core,	  reference	  and	  FIGS	  sets	  will	  be	  refined,	  and	  
promoted	  as	  cost-­‐effective	  entry	  points	  to	  the	  larger	  Dryland	  Cereals	  germplasm	  collections,	  for	  
identification	  of	  sources	  of	  traits,	  establishment	  of	  marker-­‐trait	  associations,	  and	  allele	  mining.	  For	  
pearl	  millet,	  the	  only	  cross-­‐pollinated	  crop	  among	  the	  dryland	  cereals,	  an	  inbred	  association	  panel	  
will	  be	  established	  so	  that	  it,	  too,	  benefits	  from	  the	  opportunities	  available	  for	  identifying	  marker-­‐
trait	  associations	  based	  on	  replicated	  phenotypic	  observations	  of	  genetically	  uniform	  accessions	  
having	  high-­‐density	  genetic	  fingerprints.	  
Priority	  traits	  for	  breeding,	  marker-­‐trait	  association,	  and	  variety	  evaluation	  will	  be	  those	  required	  by	  
dryland	  cereal	  producers	  and	  consumers,	  such	  as	  traits	  that	  are	  critical	  to	  food	  security,	  improved	  
nutrition,	  and	  reduced	  drudgery	  for	  women	  and	  children.	  In	  addition	  adaptive	  traits	  critical	  for	  
future	  climate	  change	  will	  be	  given	  priority	  as	  well.	  Among	  these,	  increasing	  crop-­‐water	  use	  
efficiency	  (WUE)	  will	  be	  essential	  and	  will	  build	  on	  a	  lot	  of	  promising	  recent	  progress	  in	  that	  domain	  
(e.g.,	  Kholova	  et	  al.	  2010;	  Vadez	  et	  al.	  2011;	  Kholova	  et	  al.	  2012;	  Belko	  et	  al.	  2012).	  The	  specific	  
priority	  setting	  for	  generating	  adoptable	  varieties	  will	  involve	  targeted	  actors,	  primarily	  farmers	  and	  
traders	  or	  processors,	  in	  case	  of	  marketable	  commodities	  using	  approaches	  as	  described	  by	  
Christinck	  et	  al.	  2005.	  We	  will	  strive	  to	  develop	  high	  throughput	  phenotyping	  capabilities	  for	  key	  
traits.	  At	  present,	  based	  on	  interactions	  among	  dryland	  cereal	  researchers,	  commonalities	  for	  
priority	  traits	  across	  the	  four	  crops	  include:	  
 Improving	  the	  intake	  and	  digestibility	  of	  stover	  and	  straw	  especially	  in	  the	  more	  drought-­‐
prone	  production	  systems.	  (Kelley	  et	  al.	  1996;	  Kristianson	  and	  Zerbini	  1999);	  and	  
 Improving	  adaptation	  to	  abiotic	  constraints	  –	  drought,	  heat,	  salinity	  and	  poor	  soil	  fertility	  –	  as	  
indispensable	  for	  improving	  stability	  of	  productivity,	  especially	  in	  view	  of	  climate	  change.	  	  
Sharing	  methodologies	  and	  approaches	  to	  tackle	  these	  complex	  adaptive	  traits	  through	  exchange	  
and	  collaboration	  across	  crops	  will	  provide	  the	  necessary	  critical	  mass	  to	  generate	  breakthroughs	  for	  
all	  dryland	  cereals.	  We	  will	  develop	  phenotyping	  platforms	  linked	  together	  into	  phenotyping	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networks	  building	  on	  local	  and	  technical	  specificities,	  e.g.,	  NIRS	  for	  grain	  and	  forage	  quality	  at	  IER	  in	  
Mali	  in	  partnership	  with	  CIRAD,	  physiological	  drought-­‐oriented	  phenotyping	  for	  millet	  and	  sorghum	  
at	  CERAAS	  in	  Senegal	  with	  its	  reliable	  drought-­‐prone	  field	  facilities	  and	  physiology	  equipment,	  or	  
trait	  specific	  phenotyping	  in	  specialized	  platforms	  such	  as	  the	  lysimetric	  facility	  at	  ICRISAT-­‐
Patancheru	  (http://www.icrisat.org/bt-­‐root-­‐research.htm).	  
To	  facilitate	  the	  use	  of	  the	  newly	  identified	  marker	  trait	  associations,	  and	  other	  tools,	  by	  integrated	  
breeding	  programs	  we	  will	  continue	  to	  support	  the	  development	  of	  and	  use	  of	  the	  GCP	  Integrated	  
Breeding	  Platform,	  building	  on	  ongoing	  proof-­‐of-­‐concept	  projects	  including	  the	  sorghum	  MARS	  and	  
BCNAM	  projects.	  Priority	  will	  also	  be	  given	  to	  enhancing	  the	  capabilities	  of	  applied	  breeding	  
programs	  with	  our	  NARES	  partners.	  
Innovative	  contributions	  
Strategic	  Component	  2	  will	  make	  use	  of	  a	  number	  of	  innovations	  in	  plant	  breeding	  and	  related	  fields	  
to	  improve	  the	  efficiency	  and	  effectiveness	  with	  which	  new	  varieties	  and	  hybrids	  are	  produced.	  
These	  include	  the	  following.	  
 Integrated	  application	  of	  modern	  tools	  –	  molecular,	  quantitative,	  modeling	  and	  participatory	  
–	  for	  targeted	  use	  of	  local	  and	  regional	  crop	  diversity	  to	  aid	  well	  targeted	  breeding	  to	  
combine	  efficiently	  resistances	  and	  the	  many	  other	  required	  traits	  required	  to	  create	  
varieties	  adoptable	  by	  smallholder	  dryland	  cereal	  farmers.	  This	  will	  include	  more	  effectively	  
integrating	  marker-­‐assisted	  selection	  and	  genome-­‐wide	  selection	  as	  tools;	  tapping	  secondary	  
and	  tertiary	  gene	  pools	  of	  dryland	  cereals	  to	  access	  useful	  alleles	  not	  present	  in	  cultivated	  
materials	  as	  well	  as	  the	  applied	  use	  of	  genetic	  engineering	  as	  tools	  for	  gene	  discovery,	  
increasing	  genetic	  diversity,	  and	  cultivar	  improvement.	  
 In	  relation	  to	  complex	  traits	  such	  as	  drought,	  the	  innovation	  will	  consist	  in	  a	  shift	  from	  purely	  
field-­‐based	  phenotyping,	  prone	  to	  large	  experimental	  error	  and	  GxE	  interaction,	  to	  a	  more	  
trait-­‐based	  phenotyping,	  recognizing	  the	  fact	  that	  specific	  stress	  scenario	  requires	  specific	  
trait	  solutions.	  This	  approach	  will	  involve	  the	  integration	  of	  crop	  physiology	  to	  understand	  the	  
mechanisms	  of	  adaptation	  to	  specific	  stress	  situations,	  crop	  simulation	  modeling	  to	  preempt	  
the	  effect	  of	  these	  potential	  adaptation	  traits	  on	  yield,	  and	  genetics	  to	  harness	  genes/QTL	  
responsible	  for	  these	  specific	  traits.	  Breeding	  will	  then	  evolve	  from	  an	  activity	  consisting	  of	  
developing	  cultivars	  with	  broad	  adaptation,	  to	  an	  exercise	  of	  developing	  area-­‐specific	  
cultivars,	  guided	  by	  the	  knowledge	  of	  what	  specific	  traits	  are	  needed	  where,	  based	  on	  a	  
stochastic	  estimation	  of	  trait	  value	  across	  time	  and	  geographical	  scale.	  	  
 Heterosis,	  via	  hybrid	  breeding	  or	  population	  improvement	  with	  genetic	  male-­‐sterility,	  will	  be	  
used	  to	  produce	  higher	  and	  more	  stable	  yields	  in	  extreme	  stress	  environments,	  producing	  
more	  when	  it	  is	  needed	  most.	  Examples	  include:	  pearl	  millet	  in	  the	  rainfed	  areas	  of	  India	  and	  
the	  Sahel	  in	  WCA;	  barley	  for	  vast	  expanses	  of	  the	  steppe;	  sorghum	  for	  residual	  moisture	  
conditions	  in	  southern	  India,	  photoperiod	  sensitive	  sorghums	  adapted	  to	  low	  phosphorus	  
conditions	  in	  WCA.	  Defining	  heterotic	  groups	  in	  a	  systematic	  and	  practical	  manner,	  by	  
combining	  genetic	  marker	  based	  analysis	  with	  field	  trials,	  will	  ensure	  that	  long-­‐term	  gains	  can	  
be	  sustained	  in	  hybrid	  breeding.	  Studies	  similar	  to	  those	  in	  maize	  (Garcia	  et	  al.	  2008)	  have	  
been	  initiated	  in	  both	  sorghum	  and	  pearl	  millet.	  
 Integrated	  improvement	  of	  varieties	  not	  only	  for	  food	  and	  nutrition,	  fodder	  and	  digestibility,	  
to	  improve	  whole	  plant	  utilization	  and	  to	  increase	  the	  value	  of	  production,	  but	  also	  to	  assure	  
that	  new	  varieties	  provide	  the	  necessary	  basic	  nutrients	  for	  human	  consumption	  at	  threshold	  
levels	  for	  iron	  and	  zinc	  and	  possibly	  other	  elements,	  as	  our	  knowledge	  advances.	  	  
 Monitoring	  progress	  from	  selection	  systematically,	  and	  readjusting	  the	  targeting	  of	  specific	  
integrated	  breeding	  programs	  towards	  meeting	  farmers’	  priority	  needs,	  opening	  up	  new	  
opportunities	  for	  market-­‐oriented	  production	  will	  be	  implemented	  for	  all	  priority	  product	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lines	  identified.	  Targeted	  partnerships	  with	  farmers,	  and	  other	  users	  will	  be	  the	  basis	  for	  
these	  revisions,	  supported	  by	  increasingly	  detailed	  analyses	  and	  understanding	  of	  genotype	  
by	  environment	  interactions,	  and	  crop	  and	  systems	  modeling	  (in	  collaboration	  with	  Dryland	  
Systems)	  
Partnerships	  	  
To	  achieve	  the	  anticipated	  progress	  a	  wide	  range	  of	  partnerships	  are	  required.	  For	  germplasm	  
collection,	  use	  and	  management	  close	  interactions	  among	  managers	  of	  key	  international	  and	  
national	  genebanks	  and	  germplasm	  collections	  is	  required.	  This	  will	  include	  the	  USDA	  collections,	  IPK	  
Gatersleben,	  Ethiopian	  collections,	  as	  well	  Brazilian	  or	  Chinese	  collections	  if	  feasible,	  beyond	  the	  
FAO	  and	  CGIAR	  managed	  collections	  at	  ICRISAT	  and	  ICARDA.	  Close	  interaction	  with	  the	  Crop	  
Diversity	  Trust	  and	  Bioversity	  will	  ensure	  that	  learnings	  across	  a	  wider	  range	  of	  crops	  can	  be	  
achieved.	  
New	  genetic	  tools,	  like	  genome-­‐wide	  selection,	  and	  different	  approaches	  in	  association	  mapping,	  
e.g.,	  backcross	  nested	  association	  mapping	  (BCNAM),	  will	  be	  adopted	  for	  use	  by	  dryland	  cereal	  
breeders	  in	  collaboration	  with	  Cornell	  University,	  CIRAD	  and	  the	  University	  of	  Queensland	  for	  
sorghum;	  IPK	  Gatersleben	  for	  barley;	  and	  the	  University	  of	  Georgia	  and	  IRD	  for	  pearl	  millet,	  as	  the	  
capabilities	  for	  genotyping	  by	  sequencing	  are	  advancing	  rapidly.	  Exchange	  of	  students,	  especially	  
from	  target	  NARS	  programs	  will	  be	  one	  approach	  to	  foster	  this	  collaboration.	  	  
The	  integration	  of	  modern	  genetic	  tools,	  with	  conventional	  and	  participatory	  breeding	  tools,	  will	  be	  
fostered	  at	  the	  level	  of	  each	  Product	  Line,	  where	  partnerships	  with	  NARS	  and	  producer	  or	  user	  
organizations	  are	  essential.	  Tools	  for	  evaluating	  effective	  integration	  and	  genetic	  gains	  will	  be	  
developed	  in	  collaboration	  with	  partners,	  such	  as	  CIRAD,	  University	  of	  Hohenheim,	  Embrapa	  and	  
ICAR.	  	  
The	  use	  of	  crop	  simulation	  modeling	  to	  predict	  the	  effect	  of	  traits	  on	  yield	  in	  target	  region	  will	  
involve	  the	  University	  of	  Queensland	  and	  APSIM	  group.	  The	  APSIM	  module	  for	  sorghum,	  already	  set	  
to	  work	  in	  SA	  will	  be	  parameterized	  to	  work	  in	  ESA	  and	  WCA	  and	  efforts	  will	  be	  developed	  for	  a	  
similar	  module	  in	  pearl	  millet.	  APSIM	  is	  currently	  used	  in	  Australia	  to	  guide	  the	  breeding	  targets	  for	  
sorghum.	  
For	  the	  uptake	  of	  these	  new	  tools	  in	  the	  routine	  breeding	  of	  national	  program,	  an	  essential	  
component	  will	  be	  the	  training	  of	  young	  breeders	  of	  the	  national	  program.	  The	  CRP	  will	  therefore	  
invest	  funds	  for	  long-­‐term	  training	  in	  the	  use	  of	  modern	  breeding	  techniques.	  It	  will	  capitalize	  on	  the	  
large	  network	  of	  US	  universities	  to	  which	  INTSORMIL	  has	  access.	  It	  will	  also	  build	  upon	  the	  close	  links	  
that	  CIRAD	  has	  established	  with	  several	  national	  or	  regional	  organizations	  (IER	  in	  Mali	  and	  CERAAS	  in	  
Senegal).	  
A	  specific	  partnership	  will	  evolve	  with	  INTSORMIL,	  and	  other	  CRSPs	  targeting	  dryland	  cereal	  
improvements.	  INTSORMIL	  has	  a	  renowned	  capacity	  for	  cereal	  processing	  research,	  which	  will	  be	  
crucial	  for	  this	  CRP.	  Similarly,	  some	  INTSORMIL	  members	  have	  very	  specific	  capacities	  for	  feed	  and	  
fodder	  quality	  analysis,	  and	  research	  methods,	  which	  again	  will	  be	  essential	  for	  achieving	  progress.	  
For	  integration	  of	  products	  for	  reaching	  wider	  ranges	  of	  impacts,	  collaboration	  with	  A4NH	  on	  
nutrition	  issues,	  and	  Livestock	  and	  Fish	  on	  livestock	  value	  chains,	  as	  well	  as	  CCAFS	  on	  climate	  change	  
will	  be	  important.	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Strategic	  Component	  3	  –	  Integrating	  sustainable	  crop,	  pest	  and	  disease	  management	  options,	  and	  
enhancing	  crop-­‐livestock	  integration,	  to	  capture	  genetic	  gains	  from	  improved	  varieties	  and	  hybrids	  
Overview	  
Strategic	  Component	  3	  (SC3)	  will	  target	  affordable	  and	  profitable	  crop	  management	  options	  that	  
contribute	  directly	  to	  increased	  dryland	  cereal	  yield	  and	  quality	  and	  meet	  the	  requirements	  of	  
smallholder	  farmers	  in	  Africa	  and	  Asia.	  These	  options,	  including	  nutrient	  application,	  seed	  priming,	  
and	  integrated	  management	  strategies	  for	  biotic	  and	  abiotic	  constraints	  (IPM/IDM/ICM),	  will	  exploit	  
genetic	  gains	  achieved	  in	  Strategic	  Component	  2	  and	  help	  close	  the	  gap	  between	  on-­‐station	  and	  on-­‐
farm	  yields.	  Additionally,	  Strategic	  Component	  3	  will	  feed	  information	  back	  to	  researchers	  on	  traits	  
and	  plant	  types	  needed	  for	  low	  soil	  fertility,	  variable	  rainfall	  conditions	  and	  different	  farming	  
systems.	  Many	  of	  these	  crop	  management	  activities	  will	  be	  carried	  out	  in	  conjunction	  with	  Dryland	  
Systems	  (including	  the	  development	  of	  joint	  work	  plans)	  to	  ensure	  that	  interventions	  are	  designed	  
using	  existing	  knowledge	  and	  experience	  of	  farming	  and	  livelihood	  systems.	  
Rationale	  and	  objective	  
Over	  the	  years,	  researchers	  have	  developed	  improved	  genotypes,	  tillage/soil	  management	  systems,	  
and	  integrated	  pest/disease/crop	  management	  packages.	  Intensification	  of	  dryland	  cereal	  rainfed	  
agriculture	  requires	  greater	  and	  more	  efficient	  use	  of	  inputs	  and	  investments	  on	  these	  inputs	  will	  
often	  involve	  a	  higher	  level	  of	  production	  risk.	  Impoverished	  risk-­‐averse	  smallholder	  farmers	  are	  not	  
willing	  to	  make	  such	  investments	  without	  assurances	  of	  a	  high	  probability	  of	  success	  and	  good	  rates	  
of	  return	  on	  their	  investments.	  In	  this	  context,	  efficient	  management	  of	  available	  water	  is	  critical	  to	  
reduce	  production	  risks,	  especially	  in	  water-­‐stressed	  areas.	  This	  is	  further	  exacerbated	  by	  the	  
prediction	  that	  in	  many	  parts	  of	  SSA,	  available	  water	  resources	  are	  going	  to	  shrink	  due	  to	  changes	  in	  
climate.	  Efforts	  must	  therefore	  be	  made	  to	  capture	  and	  more	  effectively	  use	  water	  that	  is	  already	  
available.	  	  
The	  relative	  importance	  of	  abiotic	  constraints	  in	  determining	  yield	  gaps	  has	  not	  been	  well	  defined	  
for	  dryland	  cereals,	  but	  low	  soil	  fertility	  (especially	  low	  phosphorus	  and	  nitrogen)	  is	  likely	  more	  
limiting	  to	  dryland	  cereal	  production	  than	  rainfall	  and	  soil	  moisture	  (Breman	  1995).	  Soil	  fertility	  (and	  
water)	  management	  is	  key	  to	  improving	  production	  of	  grain	  and	  stover.	  However,	  both	  types	  of	  
stresses	  have	  mostly	  been	  addressed	  separately	  and	  there	  is	  a	  need	  to	  understand	  how	  they	  interact	  
affecting	  crop	  productivity.	  Many	  studies	  have	  shown	  that	  the	  application	  of	  small	  quantities,	  both	  
macro-­‐	  (NPK)	  and	  micro-­‐	  (boron,	  zinc,	  etc.)	  nutrients	  can	  substantially	  raise	  cereal	  yields	  and	  
increase	  crop	  water-­‐use	  efficiency	  (REF).	  When	  these	  interventions	  are	  combined	  with	  other	  aspects	  
of	  crop	  management,	  such	  as	  specific	  tillage	  practices	  (zero	  tillage,	  contour	  ridging,	  in-­‐field	  water	  
harvesting,	  rotation	  and	  intercropping	  with	  legumes),	  then	  productivity	  can	  be	  further	  enhanced	  
(Subbarao	  et	  al.	  2000;	  Zougmore	  et	  al.	  2010).	  Ex-­‐ante	  simulations	  have	  clearly	  shown	  that	  even	  with	  
existing	  cultivars,	  improved	  management	  practices	  can	  raise	  yields	  and	  reduce	  risk	  in	  variable	  
climates	  (Cooper	  et	  al.	  2009).	  Conservation	  agriculture	  and	  zero	  tillage	  have	  been	  identified	  to	  have	  
high	  potential	  for	  resource	  poor	  farmers	  and	  women-­‐headed	  rural	  households	  (Giller	  et	  al.	  2011),	  
but	  has	  not	  been	  thoroughly	  tested	  on	  dryland	  cereals.	  
Among	  the	  biotic	  stresses	  affecting	  dryland	  cereals	  (except	  for	  barley),	  Striga	  is	  the	  most	  damaging	  
obligate	  parasite,	  affecting	  sorghum,	  pearl	  millet,	  finger	  millet,	  rice	  and	  maize	  (Gressel	  et	  al.	  2004).	  
Integrated	  Striga	  management	  packages	  have	  been	  designed,	  but	  these	  will	  continue	  to	  require	  new	  
cultural	  and	  chemical	  treatments,	  resistant	  varieties,	  and	  an	  integrated	  approach	  to	  manage	  both	  
Striga	  and	  soil	  fertility.	  Weeds	  are	  also	  an	  important	  bottleneck	  to	  yield	  increases	  by	  smallholder	  
farmers,	  yet	  has	  been	  neglected	  by	  research	  in	  recent	  years.	  The	  use	  of	  herbicides	  is	  increasing	  in	  
many	  dryland	  cereal	  production	  and	  research	  support	  is	  needed	  to	  guide	  safe	  and	  efficient	  use,	  and	  
to	  develop	  alternative	  options	  for	  diverse	  dryland	  cereal	  production	  environments.	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A	  number	  of	  important	  pests	  and	  diseases	  of	  dryland	  cereals	  have	  very	  specific	  and	  evolving	  
distribution	  patterns.	  Grain	  molds,	  shoot	  fly,	  stem	  borers,	  midge,	  and	  head	  bugs	  are	  important	  pests	  
in	  sorghum	  across	  the	  SSA	  and	  SA	  regions	  whereas	  downy	  mildew,	  blast,	  stem	  borer	  and	  head	  miner	  
are	  important	  in	  pearl	  millet.	  Finger	  millet	  blast	  (Mgonja	  et	  al.	  2007)	  and	  stem	  borers	  are	  important	  
in	  SA	  and	  ESA	  and	  elsewhere	  where	  finger	  millet	  is	  produced.	  The	  productivity	  of	  barley	  is	  
constrained	  by	  globally	  important	  foliar	  diseases,	  such	  as	  scald,	  net	  blotch,	  leaf	  rust,	  powdery	  
mildew,	  and	  barley	  yellow	  dwarf	  virus.	  Crown	  and	  dryland	  root	  rot	  diseases	  caused	  by	  Fusarium	  spp.	  
are	  also	  important	  diseases	  of	  barley	  and	  wheat	  in	  the	  Maghreb	  countries.	  Aphids	  and	  the	  barley	  
stem	  gall	  midge	  are	  important	  barley	  insect	  pests	  in.	  	  
Research	  approach	  
The	  work	  planned	  under	  SC3	  aims	  to	  integrate	  varieties	  and	  or	  hybrids,	  crop	  management	  
practices,	  agro-­‐chemicals	  and	  biological	  control	  agents	  to	  overcome	  biotic	  and	  abiotic	  constraints.	  
This	  will	  be	  validated	  and	  improved	  through	  an	  assessment	  of	  current	  on-­‐farm	  constraints	  and	  
practices	  and	  using	  farmer	  participatory	  experimentation	  and	  evaluation	  geared	  towards	  
developing,	  adapting	  and	  disseminating	  integrated	  crop,	  pest	  and	  disease	  management	  packages.	  
Given	  the	  complexity	  and	  dynamism	  of	  dryland	  cereal	  farming	  systems,	  one	  of	  the	  prime	  objectives	  
will	  be	  to	  improve	  the	  adaptive	  capacity	  of	  the	  farmers	  to	  improve	  their	  farming	  system,	  such	  as,	  the	  
ability	  to	  sustain	  a	  flow	  of	  diverse	  products	  and	  services	  that	  poor	  people	  depend	  upon,	  under	  
constantly	  changing	  conditions.	  Research	  will	  need	  to	  strengthen	  farmers’	  ability	  to	  manage	  a	  broad	  
range	  of	  production	  factors,	  thus	  increasing	  flexibility	  to	  respond	  to	  exogenous	  influences.	  The	  
search	  for	  synergy	  between	  genotype	  x	  environment	  x	  management	  requires	  farmer	  participation	  
and	  decision-­‐making.	  Strategic	  Component	  3	  will	  develop	  and	  use	  decision-­‐support	  tools	  for	  farmers	  
to	  work	  towards	  more	  productive,	  less	  vulnerable,	  and	  more	  resilient	  dryland	  cereal	  system.	  	  
Considering	  production,	  participatory	  development,	  adaptation	  and	  dissemination	  of	  integrated	  
crop,	  pest	  and	  disease	  management	  strategies	  that	  are	  gender	  and	  resource	  endowment	  sensitive,	  
will	  allow	  for	  rapid	  development	  and	  adoption	  of	  locally	  relevant	  IPM/ICM	  packages.	  These	  packages	  
will	  thus	  take	  into	  account	  the	  most	  important	  biotic	  and	  abiotic	  constraints,	  but	  also	  socio-­‐
economic	  factors	  such	  as	  gender,	  which	  is	  often	  related	  to	  different	  labor,	  land	  and	  resource	  
endowment	  constraints.	  	  
Low	  input	  and	  labor	  demanding	  technologies	  such	  as	  resistant	  varieties,	  seed	  priming,	  seed	  
treatment	  with	  fungicides/insecticides,	  micro-­‐fertilization	  and	  seed	  coating	  with	  macro-­‐	  
(phosphorus,	  nitrogen)	  and	  micro-­‐nutrients	  (zinc,	  boron)	  often	  result	  in	  significant	  yield	  increases	  
and	  have	  very	  high	  economic	  returns.	  These	  technologies	  are	  likely	  suitable	  for	  women	  and	  
resource-­‐	  poor	  farmers	  and	  provide	  the	  first	  step	  towards	  food	  security	  and	  intensification.	  Low	  
input	  but	  high	  labor	  demanding	  technologies,	  such	  as	  organic	  fertilization	  and	  high	  density	  
intercropping	  of	  cereals	  and	  legumes,	  have	  potential	  for	  farmers	  who	  may	  have	  limited	  access	  to	  
land	  and	  inputs,	  but	  who	  have	  access	  to	  large	  quantities	  of	  organic	  matter	  (animals,	  crop	  residues)	  
and/or	  labor.	  Other	  technologies	  that	  may	  require	  more	  investment	  but	  that	  reduce	  labor	  
requirements	  (direct	  sowing,	  herbicides,	  mechanized	  weeding,	  etc.)	  need	  adaptation,	  agronomic	  
and	  economic	  evaluation	  with	  farmers	  that	  are	  able	  to	  invest	  and	  that	  sell	  part	  of	  their	  produce	  to	  
the	  market.	  
IPM/IDM	  practices	  will	  be	  developed	  and	  fine-­‐tuned	  for	  prioritized	  constraints	  and	  cropping	  
systems,	  using	  resistant	  varieties,	  appropriate	  crop	  management	  practices,	  judicious	  use	  of	  
pesticides	  and	  where	  available,	  biological	  control	  agents	  for	  the	  specific	  situations.	  
Conservation	  agriculture	  and	  water	  harvesting	  concepts	  and	  practices	  will	  be	  adapted	  to	  the	  specific	  
dryland	  cereal	  cropping	  system	  conditions	  and	  evaluated.	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The	  combination	  and	  integration	  of	  these	  elements	  will	  result	  in	  more	  efficient	  use	  of	  financial,	  
natural,	  material	  and	  labor,	  and	  genetic	  resources	  of	  farmers	  and	  will	  result	  in	  crop	  management	  
approaches	  that	  are	  more	  effective	  and	  relevant	  in	  resource-­‐constrained	  environments.	  
Innovative	  contributions	  
Strategic	  Component	  3	  will	  employ	  state-­‐of-­‐the-­‐art	  approaches	  to	  research	  aimed	  at	  determining	  
how	  to	  close	  yield	  gaps	  in	  harsh	  dryland	  environments,	  building	  on	  work	  done	  by	  others	  but	  often	  
under	  less	  severe	  production	  conditions.	  For	  example:	  	  
 Fertilizer	  micro-­‐fertilization,	  seed	  priming	  and	  coating	  with	  macro-­‐	  and	  micro-­‐nutrients	  will	  
be	  evaluated	  for	  their	  effectiveness	  as	  low	  input	  technologies	  for	  different	  dryland	  cereal	  
varieties	  in	  different	  regions	  and	  farming	  systems;	  	  
 Fertilizer	  use	  (microdosing)	  in	  combination	  with	  other	  soil	  and	  water	  conservation	  strategies	  
will	  be	  evaluated,	  including	  the	  use	  of	  mulches,	  composting	  techniques,	  cover	  crops,	  and	  
intercropping	  to	  further	  improve	  the	  stability	  and	  resilience	  of	  the	  cropping	  system;	  	  
 Integrated	  management	  packages	  for	  biotic	  and	  abiotic	  stresses	  (Striga,	  downy	  mildew,	  
headminer,	  stemborer)	  will	  be	  developed,	  adapted	  and	  evaluated	  using	  farmer	  participatory	  
approaches;	  
 Adaptation	  and	  evaluation	  of	  the	  feasibility	  and	  effectiveness	  of	  using	  conservation	  
agriculture	  practices	  with	  dryland	  cereals	  and	  the	  interaction	  with	  DC	  varieties	  in	  different	  
regions	  and	  farming	  systems;	  
 Improve	  yields	  under	  salt	  and	  erosion	  affected	  soils	  and	  water	  stressed	  conditions	  through	  
integration	  of	  judicious	  use	  of	  agro-­‐chemicals	  and	  water	  conservation	  and	  harvesting	  
techniques	  as	  well	  as	  new	  and	  more	  efficient	  irrigation	  technologies;	  
 Crop	  management	  options	  that	  specifically	  target	  women’s	  production	  constraints,	  and	  
limited	  access	  to	  organic	  and	  mineral	  fertilizers	  for	  soil	  fertility	  management;	  
 Combine	  agronomic	  evaluation	  of	  technologies	  with	  participatory	  economical	  evaluations;	  
and	  
 Link	  the	  innovative	  contributions	  to	  the	  wider	  farming	  systems	  research	  (Dryland	  Systems)	  
that	  is	  studying	  crop-­‐livestock-­‐tree	  interactions.	  
Partnerships	  
Developing	  sustainable	  crop	  management	  options,	  whether	  targeted	  at	  biotic	  or	  abiotic	  constraints,	  
is	  by	  nature	  a	  location	  specific	  activity,	  and	  solutions	  are	  normally	  local	  rather	  than	  regional	  or	  
global.	  Partnerships	  with	  farmers	  who	  are	  the	  ultimate	  validators	  and	  adapters/adopters	  of	  these	  
technologies	  are	  required.	  Strategic	  Component	  3	  will	  therefore	  engage	  in	  many	  partnerships	  at	  
local	  and	  regional	  levels	  with	  organizations	  competent	  to	  work	  directly	  with	  farmers	  and	  who	  are	  
experienced	  in	  conveying	  knowledge	  intensive	  management	  processes	  to	  them	  (see	  Appendix	  4	  for	  
details).	  In	  each	  of	  our	  regions,	  the	  initial	  Dryland	  Cereals	  partners	  now	  work	  with	  many	  such	  
organizations,	  especially	  on	  seed	  systems,	  fertilizer	  microdosing,	  and	  watershed	  management,	  and	  
these	  links	  (as	  well	  as	  others	  to	  Dryland	  Systems	  partners)	  will	  be	  strengthened.	  Partners	  who	  are	  
involved	  in	  the	  generation	  of	  crop	  management	  technologies,	  including	  NARES	  and	  in	  some	  cases	  
ARIs	  will	  also	  be	  key	  partners.	  	  
	   	  
Dryland	  Cereals	  –	  Product	  Lines	  and	  Strategic	  Components	   64	  
Strategic	  Component	  4	  –	  Promoting	  effective	  seed	  dissemination	  for	  better	  delivery	  of	  improved	  
cultivars	  to	  smallholder	  farmers	  
Overview	  
Farmers’	  access	  to	  new	  seeds	  is	  essential	  for	  achieving	  impact	  from	  genetic	  improvement	  
investments.	  The	  challenges	  for	  establishing	  effective	  seed	  systems	  for	  our	  dryland-­‐cereal	  crops	  are	  
many,	  and	  have	  been	  the	  subject	  of	  many	  years	  of	  effort.	  Through	  Strategic	  Component	  4	  (SC4)	  of	  
this	  CRP	  we	  have	  an	  opportunity	  to	  maximize	  benefits	  of	  putting	  together	  interventions	  across	  the	  
seed	  value	  chain.	  Furthermore,	  by	  sharing	  approaches	  and	  successes	  among	  the	  different	  cereals	  
and	  regions,	  we	  foresee	  major	  gains	  being	  made	  that	  will	  be	  measurable,	  and	  monitored,	  for	  
farmers’	  access	  to	  new	  varieties	  and	  the	  viability	  of	  seed	  enterprises.	  
Rationale	  and	  objective	  
Weak	  seed	  delivery	  systems,	  as	  well	  as	  limited	  state	  support	  for	  extension	  services	  for	  dryland	  
farming,	  remain	  major	  constraints	  for	  realizing	  the	  benefits	  of	  international	  and	  national	  research	  in	  
farmers’	  fields	  in	  many	  Dryland	  Cereals	  target	  countries.	  It	  is	  estimated	  that	  improved	  varieties	  are	  
planted	  on	  approximately	  34%	  and	  23%	  of	  the	  total	  area	  of	  millet	  and	  sorghum	  in	  SSA,	  respectively.	  
However,	  studies	  found	  that	  sorghum	  and	  millet	  varietal	  adoption	  is	  dismal	  in	  some	  countries	  in	  
western	  Africa	  (Ndjeunga	  2002;	  Diakité	  et	  al.	  2008)	  and	  eastern	  Africa	  (Mekbib	  2006;	  Alemu	  2010)	  
and	  as	  low	  as	  <	  3%	  in	  Ethiopia	  (McGuire	  2007),	  a	  major	  regional	  sorghum	  producer.	  Similarly	  
adoption	  of	  improved	  barley	  varieties	  still	  remains	  low	  in	  the	  CWANA	  region	  (Bishaw	  2004;	  Aw	  
Hassan	  et	  al.	  2008).	  	  
While	  availability	  of	  hybrid	  seeds	  of	  sorghum	  and	  millets	  through	  the	  private	  sector	  has	  been	  
effective	  in	  India	  (Matuschke	  and	  Qaim	  2008),	  elsewhere	  dryland	  cereals	  research	  and	  seed	  delivery	  
is	  dominated	  by	  the	  public	  or	  the	  informal	  sector.	  To	  date,	  neither	  the	  public	  sector	  nor	  the	  
emerging	  private	  sector	  have	  effective	  delivery	  strategies	  for	  reaching	  smallholder	  farmers	  in	  less	  
favorable	  areas	  and	  remote	  regions	  where	  dryland	  cereals	  are	  grown	  with	  seed	  of	  improved	  
cultivars.	  For	  example,	  the	  formal	  seed	  sector	  provides	  less	  than	  6%	  of	  seed	  in	  barley	  producing	  
countries	  in	  CWANA	  (Bishaw	  2004),	  for	  sorghum	  and	  millets	  in	  western	  Africa	  (Ndjeunga	  2002;	  
Diakité	  et	  al.	  2008)	  and	  for	  sorghum	  in	  eastern	  Africa	  (McGuire	  2007).	  	  
The	  review	  of	  adoption	  studies	  and	  constraint	  analyses	  has	  shown	  that	  there	  are	  two	  main	  reasons	  
for	  low	  adoption	  of	  modern	  varieties.	  Firstly	  that	  farmers	  are	  not	  aware	  of	  the	  varieties,	  or	  do	  not	  
know	  where	  to	  find	  the	  seeds	  of	  new	  cultivars.	  The	  second	  reason	  usually	  is	  related	  to	  the	  traits	  and	  
qualities	  of	  the	  varieties	  being	  made	  available	  to	  farmers.	  In	  many	  of	  the	  cases	  the	  varieties	  offered	  
to	  farmers	  do	  not	  match	  farmers’	  expectations	  and	  needs	  for	  stability	  of	  production	  and	  adaptation	  
to	  key	  constraints,	  grain	  or	  stover	  qualities,	  or	  sufficient	  superiority	  in	  terms	  of	  productivity.	  This	  
component	  of	  the	  CRP	  will	  address	  both	  types	  of	  constraints,	  in	  close	  collaboration	  with	  SC1	  and	  
SC2.	  	  
Research	  approach	  
To	  ensure	  that	  appropriate	  and	  farmer-­‐preferred	  varieties	  with	  the	  expected	  improvements	  for	  key	  
traits	  can	  reach	  farmers	  in	  the	  target	  zones	  of	  the	  CRP	  within	  the	  shortest	  possible	  time,	  researchers	  
will	  collaborate	  with	  farmers,	  potential	  seed	  entrepreneurs	  or	  farmer	  organizations	  from	  the	  variety	  
testing	  stage	  onwards,	  once	  sufficient	  seed	  for	  multi-­‐location	  trials	  becomes	  available	  from	  the	  
breeding	  programs.	  Variety	  evaluations	  are	  thus	  targeted	  to	  specific	  target	  zones,	  with	  rather	  
homogeneous	  needs	  for	  variety	  adaptation.	  Using	  the	  now	  widely	  accepted	  tools	  for	  participatory	  
variety	  evaluation	  or	  selection,	  locally	  preferred	  and	  advantageous	  varieties	  can	  be	  identified	  for	  
seed	  production	  and	  marketing.	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To	  support	  the	  dissemination	  of	  such	  farmer	  preferred	  varieties	  with	  clear	  production	  advantages,	  
commercial	  initiatives,	  which	  integrate	  well	  with	  locally	  acceptable	  practices	  for	  seed	  acquisition,	  
will	  be	  identified	  and	  supported.	  This	  support	  aims	  at	  creating	  commercially	  viable,	  sustainable	  seed	  
production	  and	  seed	  marketing	  businesses,	  which	  can	  effectively	  reach	  farmers	  in	  the	  target	  zone.	  
Based	  on	  research	  to	  identify	  key	  entry	  points	  the	  support	  may	  cover	  the	  entire	  range	  of	  the	  seed	  
value	  chain.	  Key	  entry	  points	  will	  include:	  
 Capacity	  building	  for	  seed	  production	  and	  storage;	  
 Capacity	  building	  for	  hybrid	  seed	  production;	  
 Financial	  management;	  
 Marketing	  and	  communication;	  
 Seed	  cleaning	  equipment;	  
 Options	  for	  seed	  treatment;	  
 Communication	  to	  create	  awareness	  (radio,	  TV,	  video,	  leaflets,	  demonstration	  plots,	  farmer	  
visits);	  
 Seed	  mini-­‐pack	  methods	  to	  encourage	  farmer	  experimentation	  with	  new	  varieties	  and	  with	  
purchase	  of	  seed;	  
 Institutional	  arrangements	  for/between	  seed	  producers	  and	  marketing,	  group	  marketing;	  and	  
 Seed	  business	  incubators.	  
Research	  will	  also	  address	  seed	  policy	  regulations	  with	  the	  aim	  to	  facilitate	  flow	  of	  germplasm	  and	  
varieties	  and	  encourage	  private	  sector	  investment	  for	  farmers’	  benefits.	  In	  collaboration	  with	  
component	  1,	  monitoring	  of	  changes	  in	  use	  of	  varieties,	  also	  in	  relation	  to	  other	  inputs	  will	  be	  
important,	  so	  that	  different	  cases	  can	  be	  compared,	  and	  lessons	  learned	  regarding	  seed	  system	  
innovations.	  Comparative	  analysis	  and	  country	  case	  studies	  will	  be	  essential	  elements	  of	  this	  
component.	  These	  will	  facilitate	  sharing	  of	  designs	  for	  diverse	  and	  competitive	  seed	  delivery	  
systems,	  and	  enable	  assessment	  of	  their	  strengths	  and	  weaknesses	  in	  contrasting	  social,	  
environmental	  and	  production	  systems.	  
The	  seed	  system	  research	  proposed	  here	  focuses	  primarily	  on	  the	  WCA,	  ESA	  and	  CWANA	  regions.	  
They	  collectively	  represent	  the	  major	  dryland	  cereals	  production	  regions	  dominated	  by	  small-­‐scale	  
producers	  where	  adoption	  of	  new	  crop	  varieties	  is	  low.	  Alternative	  approaches	  are	  being	  tested,	  
from	  varietal	  development	  to	  agricultural	  technology	  transfer	  to	  seed	  production	  working	  with	  
farming	  communities.	  The	  overall	  objective	  is	  to	  increase	  availability	  of,	  access	  to,	  and	  use	  of	  
adapted	  improved	  crop	  varieties	  and	  associated	  technologies.	  	  
Innovative	  contributions	  
The	  research	  on	  seed	  system	  development	  will	  involve	  a	  wide	  range	  of	  disciplines,	  from	  
communication	  and	  social	  science,	  to	  business	  management,	  variety	  selection,	  seed	  science,	  and	  
agricultural	  engineering.	  The	  key	  innovations	  will	  come	  from	  effective	  collaboration	  across	  discipline	  
boundaries	  for:	  	  
 Capacity	  building	  for	  seed	  entrepreneurs	  to	  handle	  and	  offer	  a	  wide	  range	  of	  new	  varieties	  
with	  new	  traits,	  responding	  to	  diverse	  and	  changing	  needs	  of	  farmers	  with	  different	  
production	  objectives,	  and	  opportunities;	  	  
 Information	  networks,	  addressing	  and	  linking	  variety	  identification,	  famers’	  awareness	  of	  
seed	  options,	  farmers’	  seed	  demand,	  using	  variety	  adaptation	  maps,	  and	  similar	  tools	  from	  
SC1;	  
 Technical	  and	  physical	  capacity	  of	  seed	  enterprises	  to	  operate	  at	  sufficient	  scale	  to	  meet	  seed	  
needs	  and	  be	  commercially	  viable;	  and	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 Comparing	  different	  business	  models	  and	  options	  for	  integration	  of	  specialized	  enterprises	  
along	  the	  seed	  value	  chain;	  from	  farmer	  cooperatives,	  farmer	  unions,	  to	  private	  enterprises	  
managed	  by	  seed	  professionals,	  to	  networks	  of	  input	  suppliers.	  	  
Developing	  sustainable	  seed	  delivery	  should	  combine	  research	  components	  to	  address	  seed	  system	  
constraints,	  and	  development	  components	  to	  facilitate	  technology	  transfer,	  its	  adoption	  and	  
diffusion	  through	  provision	  of	  improved	  varieties	  and	  seeds.	  
Partnerships	  
Partnerships	  are	  the	  basis	  for	  achieving	  sustainable	  improvements	  in	  making	  seed	  of	  the	  best	  
varieties	  available	  in	  sufficient	  quantity	  at	  the	  right	  time	  to	  farmers.	  The	  first,	  and	  most	  essential	  
partnerships	  for	  the	  success	  of	  seed	  related	  initiatives	  is	  with	  the	  targeted	  users,	  and	  thus	  users	  that	  
are	  well	  organized,	  for	  effective	  communication	  among	  members:	  Farmer	  organizations	  in	  the	  target	  
zones,	  or	  existing	  private	  or	  professional	  public	  sector	  elements	  of	  the	  seed	  value	  chains.	  
Communication	  professionals	  will	  be	  another	  key	  group	  of	  partners,	  both	  for	  effectively	  
communicating	  about	  seeds	  and	  varieties	  to	  clients,	  but	  also	  for	  researchers,	  who	  can	  guide,	  and	  
analyze	  the	  processes.	  	  
The	  national,	  local	  breeding	  programs	  will	  be	  pivotal	  actors,	  for	  ensuring	  the	  supply	  of	  new	  better	  
and	  better	  breeding	  material,	  to	  sustain	  the	  demand	  for	  new	  seed,	  especially	  of	  self-­‐pollinated	  
crops,	  which	  farmers	  can	  also	  multiply	  by	  themselves.	  Seed	  regulators	  need	  to	  be	  involved	  to	  ensure	  
that	  rules	  and	  guidelines	  can	  be	  effective	  for	  ensuring	  quality	  and	  safety.	  	  
Certainly	  existing	  seed	  companies	  will	  be	  prime	  partners,	  and	  we	  hope	  that	  in	  future	  the	  hybrid	  seed	  
parent	  consortium	  created	  by	  ICRISAT	  in	  India	  to	  generate	  support	  for	  targeted	  support	  for	  public	  
breeding	  programs	  will	  be	  replicated	  in	  other	  countries	  and	  regions.	  	  
Strategic	  Component	  5	  –	  Promoting	  post-­‐harvest	  value	  addition	  and	  market	  access	  to	  enhance	  
income	  of	  smallholder	  dryland	  cereal	  producers	  
Overview	  
Strategic	  Component	  5	  (SC5)	  targets	  the	  improvement	  of	  dryland	  cereal	  farmers’	  linkages,	  and	  
interactions	  with	  output	  as	  well	  as	  input	  markets.	  Generating	  reliable	  income	  from	  dryland	  cereal	  
cultivation	  facilitates	  the	  purchase	  of	  inputs,	  such	  as	  fertilizers,	  or	  crop	  management	  equipment,	  
e.g.,	  plows,	  sowing	  machines.	  Institutional	  arrangements	  for	  facilitating	  farmers’	  investments	  in	  crop	  
intensification	  will	  receive	  special	  attention.	  The	  options	  for	  improving	  grain	  marketing	  will	  include	  
research	  on	  grain	  processing,	  industrial	  or	  small-­‐scale,	  for	  value	  addition,	  as	  well	  as	  increasing	  
overall	  demand.	  
Rationale	  and	  objective	  
The	  trend	  analysis	  has	  shown	  that	  demands	  for	  dryland	  cereal	  grain	  are	  predicted	  to	  grow	  
substantially	  in	  the	  target	  regions.	  Meeting	  this	  demand	  by	  expanding	  the	  area	  sown	  to	  dryland	  
cereals	  is	  becoming	  increasingly	  less	  feasible.	  Thus	  options	  for	  sustainable	  crop	  intensification	  need	  
to	  be	  explored.	  A	  key	  element	  of	  sustainability	  is	  economic,	  that	  is,	  the	  profitability	  of	  investments	  
into	  yield-­‐increasing	  technologies.	  While	  cost	  and	  availability	  of	  these	  technologies	  is	  one	  aspect	  the	  
CRP	  works	  (partially	  in	  SC3)	  on	  grain	  or	  stover,	  marketing	  opportunities	  are	  the	  main	  theme	  for	  this	  
component.	  
Limited	  market	  demand	  for	  dryland	  cereal	  grain	  is	  seen	  as	  a	  key	  constraint	  to	  growth	  in	  production	  
and	  productivity	  (Abdoulaye	  and	  Sanders	  2005)	  of	  dryland	  cereals	  in	  several	  of	  the	  target	  regions	  of	  
the	  CRP.	  With	  limited	  potential	  for	  income	  generation,	  the	  options	  for	  investments	  in	  inputs	  for	  
increased	  productivity	  and	  intensification	  are	  similarly	  limited.	  This	  component	  will	  develop	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partnerships	  with	  the	  purpose	  of	  improving	  farmers’	  options	  for	  grain	  or	  fodder	  marketing	  and	  
explicitly	  linking	  such	  initiatives	  to	  improving	  the	  availability	  of	  financing	  for	  investments	  in	  
fertilizers,	  or	  crop	  management	  equipment.	  	  
Especially	  for	  grain,	  but	  also	  for	  fodder,	  marketing	  opportunities	  can	  change	  dramatically,	  once	  value	  
can	  be	  added	  by	  processing.	  While	  some	  grain	  processing	  in	  the	  target	  regions	  tends	  to	  be	  done	  
industrially,	  such	  as	  malting	  or	  finger	  millet	  flour,	  for	  most	  of	  the	  dryland	  cereals	  local,	  small-­‐scale	  
processing	  businesses	  often	  managed	  by	  women	  or	  women’s	  groups	  are	  an	  imported	  market	  sector,	  
with	  good	  growth	  potential,	  also	  in	  urban	  markets.	  This	  CRP	  will	  invest	  some	  research	  to	  foster	  and	  
professionalize	  such	  developments	  in	  specific	  target	  regions.	  Strengthening	  capacity	  locally	  to	  
encourage	  innovation,	  managing	  change	  and	  effective	  communication	  thus	  presents	  a	  major	  
challenge.	  Engineering	  and	  food	  processing	  research	  and	  manufacturing	  are	  poorly	  developed	  in	  
most	  of	  our	  target	  countries.	  
Research	  approach	  
The	  guiding	  principle	  for	  this	  research	  will	  be	  the	  value	  chain	  approach.	  Priorities	  will	  include	  the	  
reduction	  of	  post-­‐harvest	  losses	  due	  to	  improper	  drying,	  handling	  and	  storage.	  Improving	  long-­‐term	  
storability	  and	  maintaining	  quality	  for	  the	  harvest	  is	  crucial	  if	  farmers	  are	  to	  increase	  quality	  food	  
availability	  and	  to	  potentially	  enter	  into	  market	  opportunities.	  Priorities	  for	  crops,	  regions	  and	  
specific	  interventions	  will	  be	  based	  on	  knowledge	  gained	  from	  Strategic	  Component	  1,	  as	  well	  as	  
priorities	  established	  by	  NARES	  in	  the	  target	  countries.	  	  
Developing	  possible	  market	  linkages	  and	  evaluating	  institutional	  options	  for	  their	  effectiveness	  will	  
be	  another	  key	  area	  of	  research,	  which	  will	  involve	  existing,	  and	  potential	  food	  and	  feed	  industries	  in	  
each	  target	  region.	  Together	  with	  the	  other	  components	  the	  teams	  can	  identify	  component	  
technologies	  that	  meet	  the	  needs	  of	  investors	  and	  consumers,	  while	  dynamically	  monitoring	  and	  
adapting	  to	  opportunities	  and	  adjusting	  setting	  priorities.	  Effective	  communication	  across	  the	  CRP	  
will	  be	  critical.	  The	  research	  will	  focus	  on	  identifying	  the	  advantages	  and	  disadvantages	  of	  specific	  
institutional	  options	  and	  arrangements	  that	  foster	  benefits	  especially	  for	  women	  in	  both	  rural	  and	  
urban	  settings.	  	  
The	  research	  on	  food	  processing	  itself	  will	  be	  similarly	  dynamic,	  and	  will	  for	  the	  most	  part	  use	  a	  
business	  incubator	  approach	  as	  the	  basis	  for	  innovations.	  Experts	  on	  grain	  processing	  will	  support	  
the	  development	  of	  appropriate	  processing	  techniques	  and	  quality	  products,	  while	  business	  advisors	  
will	  assist	  private	  enterprises,	  of	  varying	  scales	  with	  their	  business	  plans.	  	  
Innovative	  contributions	  
Improving	  shelf	  life	  of	  dryland	  cereal	  products	  –	  Rapid	  rancidification	  of	  pearl	  millet	  flour	  (within	  7-­‐
10	  days	  after	  milling)	  is	  a	  major	  barrier	  in	  the	  commercialization	  of	  pearl	  millet	  flour-­‐based	  products	  
(Nantanga	  et	  al.	  2008).	  This	  is	  less	  of	  a	  problem	  in	  barley	  and	  sorghum,	  and	  there	  appear	  to	  be	  no	  
studies	  on	  finger	  millet.	  Fortunately,	  there	  are	  processing	  technologies	  under	  development	  that	  can	  
enhance	  the	  shelf	  life	  to	  several	  months.	  A	  new	  method	  that	  involves	  moist	  heating	  of	  the	  grain	  
followed	  by	  drying	  to	  about	  10-­‐12%	  moisture	  and	  decortication	  appears	  to	  increase	  the	  shelf	  life	  of	  
sorghum	  flour	  for	  up	  to	  8-­‐10	  months,	  and	  pearl	  millet	  flour	  for	  up	  to	  3-­‐4	  months.	  	  
Linking	  farmers	  to	  industrial	  users	  –	  A	  coalition	  approach	  would	  be	  used	  for	  linking	  farmers	  to	  
markets.	  The	  innovation	  systems	  model	  (Coalition	  Approach)	  recognizes	  a	  more	  diverse	  set	  of	  actors	  
and	  relationships,	  e.g.,	  farmers,	  scientists,	  public	  and	  private	  sector	  players,	  NGOs,	  research	  
managers,	  line	  departments,	  and	  policymakers	  –	  each	  player	  contributing	  to	  achieve	  an	  overall	  
purpose	  or	  goal	  (Gurava	  Reddy	  et	  al.	  2007;	  Parthasarathy	  Rao	  et	  al.	  2004;	  Ravinder	  Reddy	  et	  al.	  
2009).	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Monitoring	  benefits	  from	  ‘growing’	  small-­‐scale	  businesses	  for	  grain,	  feed	  or	  fodder	  processing,	  
especially	  for	  producers	  of	  dryland	  cereals	  will	  provide	  important	  insights	  into	  guiding	  larger	  scale	  
development	  programs,	  especially	  focusing	  on	  creating	  opportunities	  for	  women.	  	  
Linking	  output	  marketing	  to	  options	  for	  accessing	  inputs	  can	  be	  achieved	  in	  a	  variety	  of	  ways.	  
Monitoring	  the	  sustainability	  of	  such	  options,	  and	  the	  specific	  economic	  and	  cultural	  contexts	  in	  
which	  they	  work,	  will	  create	  useful	  insights	  for	  gender	  sensitive	  development	  investors.	  	  
Partnerships	  
A	  wide	  array	  of	  both	  traditional	  and	  entirely	  new	  partnerships	  is	  envisioned	  to	  achieve	  these	  
different	  results	  and	  outcomes.	  Essential	  for	  this	  component	  will	  be	  the	  collaboration	  with	  private	  
sector	  companies,	  such	  as	  grain	  processing	  industries	  (e.g.,	  malting,	  flour	  mills,	  feed	  mills,	  etc.)	  who	  
constitute	  key	  users	  of	  dryland	  cereal	  grain	  or	  stover.	  The	  collaboration	  shall	  result	  in	  the	  
identification	  of	  varieties,	  and	  production	  packages	  that	  are	  beneficial	  for	  both	  industries	  and	  
producers,	  as	  well	  organizational	  arrangements	  that	  facilitate	  the	  participation	  of	  smallholder	  
farmers	  in	  large-­‐scale	  grain	  purchase,	  of	  homogeneous	  quality.	  	  
Another	  crucial	  set	  of	  partnerships	  will	  be	  that	  with	  cereal	  processing	  laboratories,	  such	  as	  the	  ones	  
at	  Purdue	  University,	  IRD	  or	  ETH	  Zurich.	  These	  partnerships	  will	  include	  the	  food	  technology	  
laboratories	  in	  target	  countries,	  like	  the	  ‘Departement	  de	  Technologie	  Alimentaire’	  of	  IRSAT	  in	  
Burkina	  Faso,	  or	  the	  Food	  Technology	  Department	  of	  Lake	  Chad	  Research	  Institute.	  These	  labs	  will	  
work	  with	  cereal	  scientists	  on	  the	  one	  hand,	  for	  characterizing	  varieties	  for	  key	  component	  traits,	  
but	  will	  also	  work	  with	  processing	  industries	  at	  various	  scales	  to	  facilitate	  identification	  of	  efficient,	  
effective,	  hygienic,	  and	  nutritious	  products	  and	  processes.	  	  
In	  addition	  to	  these	  ‘technology’	  oriented	  partnerships,	  we	  envisage	  working	  with	  a	  growing	  range	  
of	  development	  investors,	  on	  issues	  relating	  to	  improving	  access	  to	  fertilizers	  and	  other	  rather	  costly	  
inputs	  or	  implements,	  for	  small-­‐scale,	  poor	  households,	  relying	  on	  dryland	  cereal	  cultivation.	  
Preferably	  the	  research	  on	  these	  rather	  institutional	  issues	  and	  capacity	  building	  will	  be	  conducted	  
within	  the	  context	  of	  on-­‐going	  projects,	  managed	  by	  development	  partners,	  such	  as	  the	  integrated	  
development	  project	  CBARDP	  in	  northern	  Nigeria,	  or	  the	  network	  of	  input	  suppliers	  of	  Burkina	  Faso,	  
or	  the	  network	  of	  micro-­‐credit	  institutions	  interested	  in	  lending	  for	  agricultural	  production.	  
Last	  but	  not	  least	  another	  set	  of	  key	  partner	  will	  be	  farmer	  organizations,	  which	  support	  their	  
members	  in	  terms	  of	  group	  marketing,	  or	  group	  purchase	  of	  inputs,	  and	  often	  both.	  Capacity	  
building	  for	  meeting	  specific	  quality	  or	  quantity	  requirements	  of	  certain	  buyers	  or	  for	  successful	  
management	  of	  the	  organization	  will	  be	  the	  activities,	  and	  will	  be	  monitored	  for	  their	  effectiveness.	  	  
With	  this	  strong	  set	  of	  partners	  and	  subsequent	  learning	  we	  hope	  to	  attract	  more	  donors	  into	  the	  
target	  zones	  of	  dryland	  cereal	  cultivation	  for	  supporting	  inclusive,	  market-­‐oriented,	  nutrition	  and	  
environment	  conscious	  development	  efforts	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GENDER	  STRATEGY	  
Rationale	  
The	  World	  Sorghum	  and	  Millet	  Economies	  (FAO	  1996)	  noted	  that	  90%	  of	  the	  world’s	  millet	  area	  lies	  
in	  the	  developing	  countries,	  mainly	  in	  Africa	  and	  Asia,	  where	  women	  are	  strongly	  represented	  in	  the	  
agricultural	  sector	  accounting	  for	  about	  70-­‐80%	  of	  household	  food	  production	  in	  sub-­‐Saharan	  Africa	  
and	  65%	  in	  Asia	  (FAO	  1994,	  2011).	  These	  crops	  are	  a	  major	  source	  of	  income	  for	  household	  and	  
national	  economies	  alike	  in	  the	  two	  regions.	  Sorghum	  and	  millets	  (pearl	  millet	  and	  finger	  millet)	  are	  
in	  many	  economies	  grown	  by	  resource	  poor	  farmers	  and	  in	  marginal	  lands,	  and	  are	  considered	  
subsistence	  crops	  that	  provide	  farm	  food	  security.	  This	  perception	  has	  partly	  been	  the	  reason	  for	  
relegating	  these	  crops	  to	  women	  farmers.	  Women’s	  traditional	  roles	  in	  dryland	  cereal	  cultivation	  
differ	  across	  countries	  and	  ethnic	  groups.	  In	  many	  cultures,	  women’s	  responsibilities	  are	  primarily	  
post-­‐harvest	  and	  processing,	  for	  both	  home	  consumption	  and	  local	  marketing.	  In	  some	  areas,	  
particularly	  in	  West	  and	  Central	  Africa,	  women	  are	  also	  deeply	  involved	  in	  the	  production	  segment	  
of	  the	  value	  chain.	  They	  manage	  their	  own	  production	  fields,	  although	  in	  most	  cases	  their	  land	  
tenure	  depends	  on	  the	  husband’s	  decisions,	  providing	  both	  incomes	  for	  themselves	  and	  a	  food	  
security	  reserve	  for	  their	  children.	  While	  dryland	  cereal	  crops	  tend	  to	  be	  considered	  food	  staples	  in	  
most	  situations,	  and	  not	  cash	  crops,	  it	  is	  often	  women	  who	  generate	  income	  from	  marketing	  
products	  processed	  or	  derived	  from	  them	  –	  traditional	  malted	  products,	  small	  ruminants	  or	  poultry	  
fed	  on	  dryland	  cereal	  by-­‐products	  (straw	  or	  bran)	  or	  processed	  local	  foods,	  e.g.	  “fura”	  in	  Nigeria.	  
Thus,	  women	  dominate	  the	  processing	  sector	  for	  dryland	  cereals,	  both	  in	  the	  home,	  and	  for	  
traditional	  food	  marketing.	  These	  processing	  opportunities	  can	  be	  lost	  to	  women	  when	  the	  crops	  
enter	  more	  modern	  value	  chains.	  	  
Despite	  their	  important	  roles,	  women	  still	  tend	  to	  be	  disadvantaged	  economically,	  less	  empowered	  
in	  decision	  making,	  less	  valued	  than	  men	  in	  many	  cultures	  and	  more	  prone	  to	  malnutrition	  than	  
men.	  Lacking	  clear	  defined	  property	  rights	  to	  land	  and	  other	  productive	  assets	  in	  many	  African	  and	  
Asian	  countries,	  women	  are	  largely	  excluded	  from	  training,	  extension	  and	  agricultural	  management.	  
These	  gender	  disparities	  are	  compounded	  by	  social	  norms	  that	  tend	  to	  limit	  the	  ability	  of	  women	  to	  
engage	  in	  farm	  production	  on	  equal	  terms	  with	  men.	  The	  deep-­‐seated	  socio-­‐cultural	  inequalities	  go	  
against	  women	  denying	  them	  an	  effective	  voice	  in	  community	  management	  or	  farmers’	  associations.	  
These,	  in	  turn,	  affect	  both	  productivity	  and	  farming	  women’s	  economic	  agency.	  For	  example,	  the	  
constraint	  tree	  analysis	  of	  priority	  constraints	  to	  sorghum	  and	  millet	  production	  and	  utilization	  in	  
one	  of	  the	  few	  studies	  done	  in	  this	  area	  identified	  72	  priority	  constraints	  out	  of	  which	  “culture	  
(gender)”	  is	  one	  (Nuijten	  2010).	  Even	  in	  the	  activities	  where	  they	  dominate,	  i.e.	  the	  processing	  
sector	  both	  in	  the	  home	  and	  for	  traditional	  food	  marketing,	  women	  face	  constraints	  and	  do	  not	  get	  
due	  returns.	  These	  disadvantages	  impact	  their	  children	  as	  well.	  	  
Across	  the	  regions	  of	  sub-­‐Saharan	  Africa	  and	  South	  Asia,	  the	  civil	  society	  discourse	  on	  globalization	  
has	  indicated	  that	  economic	  growth	  has	  produced	  both	  winners	  and	  losers	  among	  the	  poor,	  and	  
women	  constitute	  a	  significant	  majority	  of	  such	  losers.	  Therefore,	  one	  of	  the	  tasks	  set	  by	  
development	  assistance	  is	  to	  contain	  and	  halt	  the	  process	  of	  creating	  losers	  and	  promote	  gender	  
responsive	  and	  women	  inclusive	  development	  (ICRISAT	  2011).	  Much	  of	  the	  development	  community	  
today	  recognizes	  that	  if	  research	  and	  development	  is	  to	  be	  effective	  and	  benefit	  everyone	  then	  it	  
has	  to	  be	  changed	  from	  male-­‐dominated	  to	  gender-­‐equitable	  (Meinzen	  Dick	  et	  al.	  2010).	  Programs	  
and	  projects	  that	  ignore	  gender	  specific	  barriers	  to	  resources,	  opportunities,	  and	  benefits	  have	  a	  risk	  
of	  excluding	  a	  large	  proportion	  of	  farmers	  (who	  are	  women)	  and	  the	  farming	  community.	  However,	  
despite	  increased	  gender	  awareness,	  well-­‐documented	  research	  findings,	  and	  the	  increasing	  
availability	  of	  information	  on	  women’s	  roles	  at	  the	  country	  level,	  attention	  to	  gender	  is	  not	  yet	  
mainstreamed	  in	  ways	  that	  maximize	  the	  impact	  of	  policies	  and	  programs	  in	  the	  agriculture-­‐related	  
arena.	  Many	  projects	  and	  programs	  have	  been	  developed	  and	  implemented	  to	  raise	  the	  
CRP	  3.6	  Dryland	  Cereals	  –	  Gender	  Strategy	   70	  
contribution	  of	  dryland	  cereals	  to	  the	  overall	  livelihood	  improvement	  but	  most	  of	  these	  have	  either	  
been	  gender	  blind	  or	  have	  assumed	  that	  research	  products,	  tools,	  methods	  and	  models	  for	  
dissemination	  of	  technology	  are	  gender	  neutral.	  To	  address	  this,	  Dryland	  Cereals	  takes	  the	  position	  
that	  gender	  is	  an	  essential	  element	  of	  its	  overall	  agenda	  and	  attaches	  great	  importance	  to	  the	  
gender	  implications	  of	  its	  research	  and	  training	  activities	  to	  enhance	  sensitivity,	  knowledge	  on	  
women’s	  work	  and	  economic	  contributions	  and	  development	  interventions	  for	  gender	  equity.	  	  
Since	  women	  are	  a	  significant	  majority	  of	  of	  the	  smallholder	  farmers	  and	  food	  producers	  involved	  in	  
dryland	  cereal	  cultivation,	  it	  is	  important	  to	  understand	  the	  constraints	  they	  face	  and	  their	  
preferences	  so	  that	  outputs	  can	  be	  tailored	  to	  gender-­‐based	  demands.	  There	  is	  an	  equal	  need	  to	  
know	  how	  to	  create	  market	  opportunities	  that	  can	  benefit	  women,	  opportunities	  that	  lead	  to	  
empowerment,	  improved	  livelihoods	  and	  positions	  in	  society.	  Such	  a	  change	  will	  mean	  not	  simply	  
targeting	  women	  but	  working	  with	  households,	  communities	  and	  the	  social	  structures	  that	  presently	  
constrain	  women’s	  empowerment.	  The	  processing	  sector	  is	  of	  special	  interest	  as	  women	  dominate	  
this	  still	  ‘informal’	  sector	  and	  could	  benefit	  from	  technologies	  that	  enhance	  quality,	  business	  
management	  skills,	  capacity	  for	  achieving	  economies	  of	  scale,	  and	  effective	  marketing.	  Identifying	  
opportunities	  for	  improving	  these	  value	  chains	  would	  help	  increase	  women’s	  income.	  As	  changes	  
occur	  in	  the	  processing	  sector,	  it	  will	  be	  important	  to	  ensure	  that	  women	  benefit	  and	  do	  not	  lose	  
access.	  Outputs	  relating	  to	  nutrition	  and	  food	  security	  are	  particularly	  relevant	  to	  women,	  as	  are	  
those	  relating	  to	  improving	  feed	  and	  fodder	  quantity	  and	  quality	  since	  women	  often	  care	  for	  
household	  livestock.	  Improved	  processing	  technologies	  that	  make	  it	  easier	  for	  women	  to	  process	  
food	  for	  home	  consumption,	  and	  to	  process	  it	  in	  larger	  quantities	  for	  storage,	  can	  help	  reduce	  
drudgery	  and	  the	  workload	  handled	  by	  women.	  	  
Objectives	  
Gender	  is	  given	  a	  high	  priority	  throughout	  the	  CRP.	  As	  a	  crosscutting	  issue,	  gender	  will	  be	  integrated	  
in	  each	  Product	  Line	  and	  Strategic	  Component	  at	  all	  stages	  of	  the	  project	  cycle.	  Using	  gender	  
sensitive	  approaches,	  participation	  of	  both	  women	  and	  men	  farmers	  will	  be	  ensured	  so	  that	  
appropriate	  quality	  traits	  are	  preserved	  or	  integrated	  into	  new	  varieties,	  suitable	  agronomic	  
practices	  are	  developed	  and	  promoted,	  and	  effective	  and	  profitable	  post-­‐harvest	  processing	  and	  
market	  access	  options	  are	  identified.	  	  
The	  specific	  gender	  related	  objectives	  under	  each	  Product	  Line	  include:	  	  
 Obtain	  gender-­‐disaggregated	  data	  and	  gender	  sensitive	  analyses	  on	  dryland	  cereal	  value	  
chains;	  
 Improve	  the	  range	  of	  genetic	  variation	  and	  the	  selection	  protocols	  used	  by	  the	  CRP	  breeding	  
programs	  to	  develop	  improved	  cultivars	  that	  can	  create	  market	  opportunities	  to	  benefit	  
women,	  particularly	  opportunities	  that	  lead	  to	  empowerment	  and	  improved	  livelihoods;	  
 Increase	  “whole	  plant	  value”	  for	  primary	  producers,	  mainly	  women,	  of	  these	  crops;	  
 Develop	  crop	  management	  interventions	  from	  a	  gender	  sensitive	  perspective;	  
 Increase	  women	  farmers	  access	  to	  seed	  of	  new	  dryland	  cereal	  varieties;	  and	  
 Enhance	  women’s	  benefit	  from	  new	  business	  opportunities,	  not	  only	  from	  the	  reduction	  of	  
drudgery.	  
Specifically,	  the	  actions	  under	  each	  Strategic	  Component	  will	  include	  the	  following	  that	  are	  also	  
summarized	  in	  Table	  9.	  
SC1	  –	  Developing	  gender	  sensitive	  and	  gender	  based	  knowledge	  and	  priorities	  for	  R4D	  opportunities	  
along	  the	  dryland	  cereal	  value	  chain	  will	  lead	  top	  partners	  setting	  up	  similar	  priorities	  and	  in	  turn	  to	  
dissemination	  of	  technologies	  appropriate	  for	  women	  and	  men	  based	  on	  their	  preferences	  and	  
tasks.	  This	  will	  lead	  to	  increased	  adoption	  rates	  of	  improved	  varieties,	  practices	  and	  technologies	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which	  will	  ultimately	  lead	  to	  the	  poverty	  reduction,	  increased	  food	  production,	  gender	  
empowerment	  and	  improved	  welfare.	  
SC2	  -­‐	  The	  development	  of	  improved	  varieties	  of	  dryland	  cereals,	  especially	  in	  production	  systems	  
and	  areas	  within	  production	  systems	  that	  face	  recurrent	  food	  shortages	  due	  to	  abiotic	  or	  biotic	  
constraints	  and	  inefficient	  production	  methodologies	  will	  contribute	  to	  the	  food	  security.	  This	  will	  be	  
achieved	  by	  farmers	  accessing	  such	  varieties	  at	  affordable	  costs.	  Young	  women	  farmers	  will	  be	  
targeted	  for	  this	  as	  this	  will	  lead	  to	  achieving	  food	  security	  and	  increased	  nutrition	  for	  women	  and	  
children.	  	  
SC3	  -­‐	  The	  primary	  output	  of	  gender	  responsive	  affordable	  crop	  management	  options	  to	  optimize	  
productivity	  in	  smallholder	  famer	  fields	  will	  be	  developed	  in	  close	  collaboration	  with	  SC	  1	  and	  SC2	  
which	  will	  yield	  several	  research	  and	  development	  outcomes	  such	  as	  researchers	  applying	  better	  
strategies	  to	  integrate	  gendered	  needs	  of	  women	  and	  men	  farmers,	  adoption	  of	  these	  technologies	  
by	  men	  as	  well	  as	  women	  farmers	  based	  on	  their	  tasks	  leading	  to	  less	  drudgery	  for	  women.	  These	  
outcomes	  in	  turn	  will	  contribute	  to	  achieving	  key	  impacts	  such	  as	  improved	  profitability	  with	  lower	  
production	  costs,	  greater	  food	  sufficiency	  and	  gender	  equity.	  
SC4	  -­‐	  There	  is	  strong	  interface	  between	  agricultural	  research	  and	  seed	  delivery.	  In	  many	  cultures,	  
women	  tend	  to	  be	  the	  seed	  guardians	  in	  rural	  communities	  and	  households,	  and	  play	  a	  critical	  role	  
in	  agricultural	  development.	  This	  traditional	  role	  of	  women	  as	  seed	  selectors	  and	  preservers	  is	  
widely	  recognized,	  for	  some	  countries	  and	  crops.	  The	  local	  seed	  system	  analyses	  provided	  highlights	  
of	  gender	  roles	  in	  on-­‐farm	  seed	  production	  and	  management,	  and	  placed	  women	  in	  key	  position	  for	  
participatory	  variety	  selection	  and	  seed	  production,	  for	  crops	  and	  traits.	  Thus	  a	  major	  output	  of	  this	  
SC	  will	  be	  setting	  up	  alternative	  farmer-­‐based	  seed	  production	  and	  marketing	  enterprises	  envisaged	  
within	  the	  seed	  initiative	  in	  which	  women	  farmers	  will	  be	  the	  main	  actors	  and	  targets.	  This	  could	  be	  
linked	  to	  on-­‐farm	  processing	  and	  value	  addition	  of	  dryland	  cereals	  food	  products	  operated	  by	  
women.	  Research	  and	  development	  outcomes	  will	  be	  engagement	  of	  small	  holder	  farmers,	  
particularly	  women,	  in	  seed	  businesses	  leading	  to	  increase	  in	  their	  incomes	  as	  also	  empowerment.	  
These	  in	  turn	  will	  contribute	  achieving	  the	  key	  impacts	  of	  reduced	  poverty	  through	  increased	  
income,	  including	  that	  of	  women	  farmers,	  and	  gender	  equity.	  
SC5	  -­‐	  Women	  dominate	  the	  processing	  sector	  for	  dryland	  cereals,	  both	  in	  the	  home,	  and	  for	  
traditional	  food	  marketing.	  Therefore,	  a	  major	  output	  of	  this	  SC	  will	  be	  processing	  technologies,	  new	  
improved	  grain	  and	  fodder	  products	  and	  more	  nutritious	  products	  which	  are	  beneficial	  to	  women.	  
Such	  technologies	  can	  be	  evaluated	  and	  developed	  further.	  The	  development	  outcome	  of	  such	  
technologies	  is	  that	  farmers,	  especially	  women,	  will	  be	  equipped	  with	  better	  postharvest	  processing	  
and	  storage	  technologies;	  less	  drudgery	  for	  women,	  reduction	  in	  cost	  and	  enhanced	  income.	  The	  
ultimate	  impact	  would	  be	  food	  and	  nutritional	  security,	  increased	  income,	  and	  gender	  equity.	  
Table	  9.	  CRP	  gender	  strategy	  outputs	  to	  impacts.	  
Research	  Outputs	   Research	  Outcomes	   Development	  Outcome	   Impact	  
Gender	  sensitive	  and	  
gender	  based	  knowledge	  
and	  priorities	  for	  R4D	  
opportunities	  along	  the	  
dryland	  cereals	  value	  
chain	  to	  increase	  benefits	  
to	  smallholder	  farmers,	  
especially	  women	  
Partners	  use	  results	  to	  
set	  up	  gender	  sensitive	  
and	  gender	  based	  
priorities	  
Technologies	  appropriate	  
for	  women	  and	  men	  
farmers	  disseminated	  and	  
adopted	  widely	  
Reduced	  drudgery	  for	  
women	  and	  children	  
Reduction	  of	  poverty,	  
increased	  food	  security	  	  
Gender	  empowerment	  
and	  improved	  welfare	  	  
Improved	  germplasm,	  
genes,	  methods	  and	  tools	  
especially	  benefitting	  
women	  
Breeders	  and	  other	  
users	  incorporate	  
specific	  traits	  into	  their	  
programs	  
women	  as	  well	  as	  men	  
farmers	  access	  the	  
germplasm	  and	  adopt	  
methods	  tools	  	  
Food	  security	  increased,	  
nutrition	  improved	  and	  
livelihoods	  improved	  for	  
both	  women	  and	  men.	  
Women’s	  empowerment	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Research	  Outputs	   Research	  Outcomes	   Development	  Outcome	   Impact	  
High	  yielding	  
varieties/hybrids	  with	  
traits	  preferred	  by	  




varieties	  with	  resilience	  
to	  various	  stresses	  
Availability,	  accessibility	  
and	  affordability	  of	  more	  
productive	  varieties	  and	  
hybrids	  to	  farmers,	  
particularly	  young	  women	  
farmers	  	  
Improved	  nutritional	  
status,	  specifically	  of	  
young	  children	  and	  their	  
mothers	  
Gender	  responsive	  crop	  
management	  options	  to	  
optimize	  productivity	  in	  
smallholder	  famer	  fields	  
Researchers	  apply	  
better	  strategies	  for	  
integrating	  gender	  
needs	  
Women	  as	  well	  as	  men	  
farmers	  adopt	  the	  crop	  
management	  options	  
according	  to	  their	  tasks.	  
Less	  drudgery,	  especially	  
for	  women,	  and	  higher	  
farm	  productivity	  
Improved	  profitability	  
with	  lower	  production	  
costs,	  greater	  food	  
sufficiency	  and	  gender	  
equity	  
More	  effective	  and	  







Small	  holder	  farmers,	  
particularly	  women,	  
engage	  in	  seed	  
businesses	  	  
Small	  holder	  farmers,	  
particularly	  women,	  
income	  increase	  through	  
seed	  businesses	  
Reduced	  poverty	  through	  
increased	  income,	  
including	  that	  of	  women	  
farmers.	  Gender	  equity	  
Processing	  technologies,	  
new	  improved	  grain	  and	  
fodder	  products,	  and	  
more	  nutritious	  products	  
which	  are	  beneficial	  to	  
women	  	  
Improved	  post-­‐harvest	  
processing	  and	  storage	  
technologies	  available	  
for	  further	  evaluation	  
and	  development	  
Farmers,	  especially	  
women,	  equipped	  with	  
better	  post-­‐harvest	  
processing	  and	  storage	  
technologies;	  less	  
drudgery	  for	  women,	  
reduction	  in	  cost	  and	  
enhanced	  income.	  
Food	  and	  nutritional	  
security,	  increased	  




Gender-­‐sensitive	  approaches	  will	  be	  adopted	  throughout	  the	  research	  continuum	  -­‐	  the	  design,	  
validation,	  implementation	  and	  evaluation	  -­‐	  of	  the	  CRP.	  Social	  and	  gender	  analysis	  will	  be	  integrated	  
to	  both	  understand	  the	  specific	  needs	  and	  tasks	  of	  women	  and	  men	  in	  dryland	  cereal	  value	  chain,	  
and	  to	  strengthen	  the	  capacity	  of	  the	  most	  marginalized	  groups	  to	  articulate	  their	  views	  and	  
participate	  effectively	  in	  the	  research	  and	  development	  process.	  This	  analysis	  will	  provide	  an	  
important	  entry	  point	  to	  design	  appropriate	  technologies,	  innovations	  and	  institutional	  
arrangements	  that	  have	  positive	  poverty	  and	  equity	  impacts.	  As	  a	  crosscutting	  issue,	  gender	  will	  be	  
integrated	  in	  each	  of	  the	  Product	  Lines	  and	  Strategic	  Components	  and	  at	  all	  stages	  of	  the	  project	  
cycle.	  Gender	  analyses	  will	  be	  based	  on	  analysis	  and	  understanding	  of	  gender	  roles	  along	  the	  entire	  
value	  chain,	  women’s	  empowerment	  frameworks	  and	  using	  and	  generating	  new	  gender-­‐
disaggregated	  data	  that	  will	  inform	  the	  future	  directions	  of	  the	  CRP.	  Pro-­‐active	  approaches	  will	  be	  
adopted	  when	  necessary,	  to	  target	  interventions	  and	  ensure	  gender-­‐equal	  outcomes.	  
As	  the	  CRP	  is	  implemented,	  gender	  disaggregated	  roles	  will	  be	  explicitly	  addressed,	  especially	  on	  the	  
following:	  
 Gender-­‐differentiated	  data	  collection,	  including	  for	  baselines	  and	  impact	  assessments,	  to	  
more	  fully	  understand	  the	  differing	  roles	  of	  men	  and	  women.	  
 Socio-­‐economic	  and	  gender	  analysis	  of	  women	  and	  men’s	  perceptions,	  their	  specific	  
contributions	  in	  the	  dryland	  cereal	  value	  chains,	  and	  the	  rewards	  and	  gains;	  
 Capacity	  strengthening	  and	  technical	  training	  that	  includes	  women	  in	  equitable	  numbers	  (e.g.	  
in	  farmer	  field	  days,	  training	  of	  trainers,	  and	  workshops);	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 Special	  training	  programs	  in	  the	  area	  of	  skill	  enhancement,	  processing,	  value	  addition,	  and	  
small	  agribusiness	  entrepreneurship	  will	  be	  conducted	  for	  women	  empowerment;	  
 Development	  of	  technologies	  that	  will	  deliver	  particular	  benefits	  to	  women	  (e.g.	  reducing	  
drudgery,	  but	  even	  more	  importantly	  opening	  opportunities	  for	  value-­‐adding	  post-­‐harvest	  
processing	  and	  food	  preparation	  operations	  that	  are	  typically	  carried	  out	  by	  women	  which	  
will	  lead	  to	  income	  earning	  opportunities	  for	  women);	  	  
 Training	  of	  staff	  in	  partners	  in	  the	  basics	  of	  gender	  analysis	  and	  mainstreaming	  will	  continue	  
to	  be	  supported	  and	  expanded	  to	  cover	  a	  wider	  scope	  of	  participants,	  both	  within	  and	  across	  
institutions.	  
 Equal	  opportunities	  will	  be	  provided	  to	  women	  and	  young	  research	  staff	  to	  improve	  their	  
knowledge,	  tools	  and	  skills	  in	  gender	  mainstreaming;	  
 Gender-­‐balanced	  staffing	  in	  the	  Centers	  involved	  in	  this	  CRP	  will	  be	  pursued	  in	  line	  with	  
equity	  principles	  and	  also	  because	  in	  societies	  with	  a	  strong	  gender-­‐based	  organization,	  both	  
female	  and	  male	  researchers,	  extension	  officers	  and	  community	  facilitators	  will	  be	  needed	  to	  
ensure	  the	  participation	  of	  women	  and	  men	  farmers	  in	  research	  activities.	  Women	  in	  partner	  
organizations	  and	  women	  extension	  agents	  will	  be	  encouraged	  to	  participate	  and	  will	  be	  
involved	  in	  research	  and	  also	  benefit	  from	  capacity	  building	  activities.	  
A	  strategic	  gender	  research	  will	  be	  conducted	  to	  examine	  the	  role	  of	  women	  in	  the	  dryland	  cereals	  
value	  chain;	  and	  simultaneously	  to	  understand	  the	  social	  and	  economic	  impacts	  on	  women	  of	  
proposed	  technological	  interventions	  and	  efficiencies	  in	  the	  chain.	  Various	  traditional	  methods	  of	  
processing,	  such	  as	  processing	  of	  untreated	  grains,	  malted	  grains;	  grains	  treated	  with	  alkali	  and	  
parboiled	  grain,	  are	  widely	  used	  in	  areas	  where	  sorghum	  and	  millets	  are	  grown	  primarily	  for	  human	  
consumption	  (FAO	  1995).	  Most	  of	  these	  traditional	  processing	  techniques	  are	  laborious,	  
monotonous	  and	  manual	  and	  are	  almost	  entirely	  performed	  by	  women.	  Guyer	  (1984)	  noted	  that	  
with	  the	  introduction	  of	  agricultural	  technologies,	  social	  relationships	  are	  often	  reshaped	  to	  exert	  
control	  over	  the	  production	  process.	  Today	  the	  question	  is	  how	  to	  reshape	  these	  relationships	  to	  the	  
advantage	  of	  disadvantaged	  social	  groups,	  in	  this	  case	  women	  but	  also	  youth.	  Therefore,	  the	  
strategic	  gender	  research	  will	  analyze	  how	  the	  introduced	  technologies	  and	  efficiencies	  impact	  and	  
reshape	  gender	  roles	  and	  relations,	  while	  examining	  how	  the	  CRP	  affect	  the	  options	  available	  to	  
women	  in	  storage,	  processing	  and	  handling	  of	  dryland	  cereals	  and	  how	  these	  will	  ease	  allocation	  of	  
female	  labor	  into	  household	  chores	  and	  reduce	  drudgery.	  
Monitoring	  and	  Evaluation	  
A	  participatory	  gender-­‐explicit	  monitoring	  and	  evaluation	  that	  will	  integrate	  local-­‐	  and	  gender-­‐
specific	  indicators	  for	  monitoring	  outcomes	  is	  proposed.	  Monitoring	  will	  focus	  not	  only	  on	  equality	  
of	  treatment	  for	  men	  and	  women,	  but	  also	  ensure	  that	  the	  intervention	  outcomes	  provide	  benefits	  
for	  both	  men	  and	  women	  in	  an	  equal	  way.	  To	  ensure	  this,	  all	  data	  from	  intervention	  activities,	  and	  
M&E	  processes	  should	  be	  disaggregated	  by	  gender	  and	  analysed	  provide	  feedback	  lessons	  for	  better	  
mainstreaming	  of	  gender	  into	  the	  activities,	  programming	  and	  implementation	  process	  of	  the	  CRP	  as	  
well	  as	  inform	  policy.	  It	  is	  proposed	  to	  get	  commitment	  of	  partners	  along	  the	  research	  continuum	  to	  
act	  on	  gender-­‐specific	  client	  needs,	  and	  to	  develop	  technology	  options	  with	  benefits	  to	  the	  entire	  
farm	  family.	  
Feedback	  sessions,	  specifically	  for	  and	  with	  women,	  in	  which	  results	  of	  experimentation	  are	  
discussed,	  will	  be	  part	  of	  the	  program.	  The	  program	  will	  aim	  for	  a	  balanced	  staff	  structure	  where	  the	  
participation	  of	  women	  researchers	  and	  students	  will	  be	  encouraged.	  It	  is	  also	  proposed	  that	  the	  
participatory	  M&E	  system	  in	  each	  centre	  be	  guided	  by	  a	  performance	  measurement	  framework	  that	  
integrates	  local	  and	  gender	  specific	  indicators	  for	  monitoring	  project	  outcomes.	  This	  will	  ensure	  that	  
these	  are	  measured	  both	  with	  technical	  indicators	  as	  well	  as	  local	  men	  and	  women	  generated	  
indicators.	  Outcomes	  and	  outputs	  will	  be	  monitored	  for	  the	  extent	  to	  which	  they	  have	  affected	  both	  
men	  and	  women.	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The	  CRP	  will	  work	  jointly	  with	  other	  relevant	  CRPs	  while	  consulting	  with	  gender	  experts	  in	  adapting	  
the	  performance	  measurement	  framework	  to	  identify	  and	  integrate	  gender	  specific	  monitorable	  
indicators	  relevant	  for	  legume	  research	  and	  development	  interventions.	  In	  this	  regard	  the	  common	  
gender	  sensitive	  indicators	  developed	  by	  the	  M&E	  committee	  of	  the	  CG	  Gender	  Network	  will	  be	  
used	  wherever	  relevant.	  	  
Annual	  reviews	  by	  stakeholders	  and	  gender	  specific	  audits	  will	  be	  periodically	  organized	  to	  review	  
the	  progress	  toward	  gender	  mainstreaming	  and	  evaluate	  gender	  specific	  social	  impact	  on	  well-­‐being.	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PROGRAM	  INNOVATIONS	  
Accelerating	  adoption	  of	  improved	  technology	  for	  dryland	  cereals	  will	  require	  innovative	  
approaches.	  A	  major	  program	  innovation	  is	  inherent	  in	  the	  CRP	  idea	  itself	  –	  that	  we	  will	  be	  more	  
effective	  in	  supporting	  smallholder	  dryland	  cereal	  farmers	  by	  approaching	  them	  as	  a	  cohesive	  entity,	  
with	  a	  common	  message	  and	  new	  ways	  of	  working	  together.	  We	  will	  be	  able	  to	  present	  a	  unified	  
front	  regarding	  the	  importance	  of	  dryland	  crops	  and	  speak	  with	  a	  much	  stronger	  voice	  to	  
policymakers	  in	  developing	  countries,	  and	  negotiate	  more	  successfully	  with	  possible	  investors.	  We	  
will	  also	  be	  able	  to	  more	  effectively	  capitalize	  on	  new	  tools	  and	  methods	  for	  improving	  the	  efficiency	  
of	  research	  done	  on	  behalf	  of	  the	  world’s	  poorest	  and	  most	  vulnerable	  smallholder	  producers	  and	  
urban	  dwellers	  –	  those	  living	  in	  dryland	  areas.	  	  
We	  envisage	  two	  types	  of	  innovation.	  The	  first	  is	  the	  use	  of	  cutting-­‐edge	  science	  to	  create	  new	  
products,	  which	  are	  carefully	  designed	  to	  target	  the	  most	  important	  constraints	  on	  productivity	  for	  
each	  of	  our	  four	  cereals	  in	  our	  target	  regions.	  We	  have	  called	  these	  Product	  Line	  Innovations.	  The	  
second	  innovation	  is	  to	  exploit	  new	  ways	  of	  delivering	  these	  Product	  Lines	  and	  information	  about	  
how	  to	  use	  them	  to	  reach	  millions	  of	  smallholder	  farmers	  (Product	  Delivery	  Innovations).	  We	  fully	  
recognize	  that	  it	  is	  not	  the	  role	  of	  the	  CRP	  to	  engage	  in	  technology	  transfer.	  Rather,	  we	  envisage	  our	  
role	  as	  one	  of	  providing	  our	  development	  partners	  with	  the	  technical	  knowledge	  and	  information	  
they	  need	  to	  market	  our	  Product	  Lines	  most	  effectively.	  We	  will	  identify	  the	  most	  appropriate	  
partners	  and	  the	  most	  promising	  delivery	  methods,	  and	  we	  will	  provide	  them	  with	  the	  technology	  
and	  information	  that	  famers	  need	  in	  order	  to	  adopt	  them	  successfully.	  We	  will	  also	  work	  with	  our	  
development	  partners	  to	  evaluate	  the	  effectiveness	  of	  these	  approaches	  in	  accelerating	  adoption.	  
The	  choice	  of	  the	  most	  appropriate	  partner	  will	  depend	  on	  the	  Product	  Line,	  and	  may	  include	  private	  
firms,	  farmer	  organizations,	  or	  NGOs.	  	  
PRODUCT	  LINE	  INNOVATIONS	  
Whole	  genome	  sequencing	  of	  the	  dryland	  cereals	  
The	  state	  of	  knowledge	  and	  genomic	  resource	  development	  in	  the	  dryland	  cereals	  is/has	  been	  
uneven,	  and	  the	  work	  done	  in	  this	  area	  going	  forward	  will	  necessarily	  vary.	  Because	  of	  its	  relatively	  
small	  genome,	  tremendous	  genetic	  diversity,	  and	  the	  availability	  of	  a	  powerful	  suite	  of	  analytical	  
tools,	  sorghum	  has	  become	  an	  important	  species	  for	  comparative	  grass	  genomics	  and	  a	  source	  of	  
beneficial	  genes	  for	  agriculture.	  	  
Chief	  among	  all	  public	  resources	  for	  sorghum	  functional	  genomics	  is	  the	  aligned	  sorghum	  genome	  
sequence,	  which	  has	  approximately	  30,000	  genes	  (Paterson	  et	  al.	  2009).	  With	  this	  resource	  at	  hand,	  
rapid	  fine-­‐mapping	  to	  identify	  the	  genes	  underlying	  Quantitative	  Trait	  Loci	  (QTLs)	  is	  rapidly	  
becoming	  possible.	  Although	  inconceivable	  a	  few	  years	  back,	  cost	  effective	  and	  highly	  efficient	  next	  
generation	  sequencing	  (NGS)	  technologies,	  coupled	  with	  the	  availability	  of	  a	  reference	  genome	  
sequence	  of	  sorghum,	  is	  paving	  the	  way	  for	  “genotyping-­‐by-­‐sequencing”	  platforms	  and,	  more	  
importantly,	  producing	  aligned	  genomic	  sequence	  of	  global	  germplasm	  collections.	  New	  Generation	  
Sequencing	  (NGS)	  will	  also	  permit	  genome-­‐wide	  scanning	  for	  association	  mapping	  of	  all	  genomic	  
regions	  contributing	  to	  control	  of	  economically	  important	  traits,	  overcoming	  the	  inherent	  limitations	  
of	  current	  “candidate-­‐gene”	  approaches,	  and	  permit	  genome-­‐wide	  selection	  to	  reduce	  the	  time	  
required	  per	  unit	  of	  genetic	  gain	  from	  breeding	  programs.	  
The	  advent	  of	  NGS	  technologies	  is	  also	  accelerating	  the	  development	  of	  genomics	  resources	  in	  other	  
dryland	  cereals	  and	  their	  relatives.	  The	  International	  Barley	  Sequencing	  Consortium	  is	  working	  to	  
physically	  map	  and	  sequence	  the	  barley	  gene	  space,	  with	  the	  near-­‐term	  need	  being	  the	  
identification	  of	  all	  genes,	  including	  their	  regulatory	  regions,	  and	  the	  longer-­‐term	  goal	  of	  an	  ordered	  
and	  anchored	  physical	  map	  to	  accelerate	  crop	  improvement	  and	  pave	  the	  way	  for	  whole	  genome	  
sequencing	  (Schulte	  et	  al.	  2009).	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Developments	  and	  innovation	  in	  DNA	  sequencing	  technology	  and	  bioinformatics	  are	  changing	  the	  
landscape	  both	  in	  terms	  of	  cost	  and	  efficiency.	  A	  very	  exciting	  development	  in	  this	  arena	  is	  single-­‐
molecule	  real-­‐time	  DNA	  sequencing	  (www.pacificbiosciences.com).	  Proponents	  of	  this	  approach	  
suggest	  that	  a	  genome	  as	  large	  as	  the	  human	  genome	  could	  be	  sequenced	  in	  under	  an	  hour	  at	  the	  
cost	  of	  hundreds	  of	  dollars	  rather	  than	  millions.	  Thus,	  proposing	  to	  sequence	  all	  dryland	  cereals	  and	  
their	  accessions	  in	  germplasm	  collections	  is	  not	  beyond	  the	  realm	  of	  possibility	  today.	  Clearly,	  
partnering	  with	  ARIs	  and	  the	  private	  sector	  will	  be	  a	  key	  to	  this	  endeavor.	  
Genetic	  resources,	  phenotypic	  databases,	  and	  geospatial	  information	  
Large	  numbers	  of	  accessions	  are	  present	  in	  different	  gene	  banks	  for	  dryland	  cereals,	  so	  NGS	  
technologies	  should	  enable	  re-­‐sequencing	  of	  thousands	  of	  accessions	  for	  a	  given	  species.	  Discussions	  
are	  underway	  for	  re-­‐sequencing	  numerous	  barley	  accessions	  in	  the	  genebank	  at	  IPK-­‐Gatersleben,	  
Germany.	  In	  the	  case	  of	  sorghum,	  several	  hundred	  genotypes	  are	  being	  re-­‐sequenced	  in	  the	  USA.	  
Re-­‐sequencing	  of	  accessions	  should	  provide	  a	  better	  overview	  on	  genome	  variation	  present	  in	  
germplasm	  collections	  that	  will	  maximize	  the	  use	  of	  natural	  variation	  in	  crop	  breeding.	  	  
To	  fully	  capitalize	  on	  these	  extraordinary	  genomics	  resources,	  germplasm	  collections	  will	  need	  to	  be	  
more	  systematically	  and	  precisely	  phenotyped.	  Logically,	  traits	  that	  are	  key	  to	  crop	  adaptation	  to	  the	  
abiotic	  and	  biotic	  constraints	  prevailing	  in	  dryland	  farming	  systems	  will	  be	  given	  high	  priority,	  as	  will	  
those	  useful	  in	  defining	  and	  promoting	  the	  most	  sustainable	  modes	  of	  utilization	  of	  these	  crops	  in	  
the	  major	  dryland	  agro-­‐ecological/market	  environments.	  Ideally,	  phenotypic	  data	  should	  be	  stored	  
in	  databases	  that	  also	  contain	  passport	  and	  characterization	  data	  that	  are	  actively	  curated.	  Cross-­‐
compatibility	  across	  species	  would	  be	  desirable,	  especially	  for	  the	  orphan	  crops	  where	  comparative	  
genomics	  will	  continue	  to	  be	  the	  most	  readily	  available	  option	  for	  at	  least	  the	  medium	  term.	  
Bioversity	  has	  recently	  developed	  more	  detailed	  lists	  of	  characterization	  data	  sets	  for	  ex-­‐situ	  
germplasm	  collections	  (e.g.	  for	  sorghum,	  pearl	  millet	  and	  finger	  millet).	  	  
The	  analysis	  of	  dryland	  traits	  –	  drought,	  heat,	  and	  salinity	  tolerance	  –	  in	  these	  very	  tolerant	  crops	  is	  a	  
key	  research	  domain	  that	  will	  also	  have	  implications	  for	  the	  improvement	  of	  these	  traits	  in	  the	  other	  
cereals.	  Biotechnological	  tools	  such	  as	  high	  throughput	  QTL	  mapping,	  association	  mapping,	  and	  
marker-­‐assisted	  backcrossing	  to	  developed	  near-­‐isogenic	  stocks	  coupled	  with	  physiological	  trait	  
dissection	  (a	  thorough	  dissection	  and	  understanding	  of	  critical	  mechanisms)	  will	  allow	  the	  study	  of	  
the	  tolerance	  factors	  across	  these	  dryland	  cereal	  species.	  Traits	  analyzed	  and	  understood	  in	  one	  
species	  (e.g.	  stay	  green	  in	  sorghum)	  will	  also	  be	  analyzed	  in	  the	  other	  dryland	  species.	  Still	  another	  
opportunity	  that	  should	  be	  seized	  is	  the	  implementation	  of	  large-­‐scale	  phenomics	  platforms	  to	  
match	  the	  power	  of	  genomic	  level	  genotypes	  to	  address	  the	  genotype	  to	  phenotype	  connection	  at	  
the	  level	  of	  crop	  breeding	  and	  collection	  germplasm.	  	  
Crop	  simulation	  modeling	  to	  predict	  the	  value	  of	  a	  given	  trait	  on	  yield	  across	  locations	  and	  years,	  
which	  in	  turn,	  provides	  guidance	  on	  promising	  breeding	  targets	  will	  also	  be	  explored.	  This	  approach	  
would	  allow	  more	  targeted	  breeding	  and	  turn	  the	  adversity	  of	  genotype-­‐by-­‐environment	  
interactions	  into	  a	  great	  opportunity	  to	  better	  understand	  the	  interaction	  of	  specific	  plant	  
development	  mechanisms	  and	  the	  environment.	  There	  is	  an	  exciting	  opportunity	  to	  enlist	  eco-­‐
physiology	  to	  fit	  particular	  genotypes	  to	  particular	  environments.	  
Integrating	  breeding	  and	  marker-­‐based	  technologies	  
The	  use	  of	  molecular	  markers	  in	  the	  breeding	  process	  is	  now	  well	  established	  and	  has	  proven	  its	  
effectiveness	  and	  efficiency	  on	  major	  species,	  especially	  in	  the	  private	  sector	  (Collard	  and	  Mackill	  
2008;	  Tester	  and	  Langridge	  2010).	  Marker-­‐based	  quality	  control	  at	  the	  key	  steps	  of	  a	  breeding	  
scheme	  is	  critical	  as	  it	  allows	  certification	  of	  the	  material	  that	  is	  being	  characterized	  for	  several	  years	  
and	  to	  make	  the	  most	  of	  the	  resources	  allocated	  to	  a	  breeding	  program.	  Marker-­‐assisted	  
backcrossing	  of	  monogenic	  traits	  is	  one	  of	  the	  simplest	  applications	  of	  molecular	  markers	  and	  has	  an	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immediate	  and	  unquestionable	  added	  value	  in	  terms	  of	  time	  efficiency	  and	  the	  quality	  of	  the	  final	  
product/variety.	  	  
With	  the	  development	  of	  cost	  effective	  and	  high-­‐throughput	  genotyping	  and	  novel	  statistical	  tools,	  it	  
is	  now	  becoming	  feasible	  to	  model	  and	  predict	  phenotypes	  based	  on	  an	  individual’s	  whole-­‐genome	  
genotype.	  Plant	  selection	  based	  solely	  on	  whole-­‐genome	  genotypes	  rather	  than	  phenotypes	  –	  a	  
process	  termed	  “genomic	  selection”	  (GS)	  –	  allows	  breeders	  to	  significantly	  increase	  genetic	  gains	  per	  
unit	  of	  time.	  Other	  designs,	  such	  as	  marker-­‐assisted	  recurrent	  selection,	  also	  allow	  increased	  genetic	  
gains	  by	  enabling	  a	  deeper	  exploration	  of	  allelic	  combinations	  provided	  by	  crosses.	  This	  should	  
facilitate	  the	  breaking	  of	  some	  ‘trait	  antagonisms’	  that	  classical	  breeding	  has	  failed	  to	  overcome	  so	  
far.	  The	  spread	  of	  these	  technologies	  and	  methodologies	  is	  critical	  for	  improving	  breeding	  efficiency	  
and	  capacity.	  
The	  development	  of	  innovative,	  proof-­‐of-­‐concept	  breeding	  projects	  in	  partnership	  with	  NARES,	  
CGIAR	  centers	  and	  ARIs	  will	  contribute	  to	  major	  advances	  in	  genetic	  gains,	  enhanced	  capacity	  in	  
national	  programs,	  and	  the	  emergence	  of	  a	  new	  generation	  of	  breeders	  that	  will	  regularly	  use	  
marker-­‐based	  technologies	  in	  their	  work.	  	  
In	  order	  to	  help	  boost	  the	  potential	  impact	  of	  these	  projects	  and	  of	  other	  breeding	  and	  molecular	  
breeding	  initiatives	  of	  Dryland	  Cereals,	  the	  Integrated	  Breeding	  Platform	  (IBP)	  being	  developed	  
under	  the	  auspices	  of	  the	  Generation	  Challenge	  Program,	  will	  provide	  a	  centralized	  and	  functional	  
portal	  to	  store	  and	  retrieve	  information,	  to	  access	  analytical	  and	  data	  management	  tools,	  and	  high-­‐
throughput	  genotyping	  services.	  Such	  a	  platform	  will	  enable	  breeding	  programs	  in	  the	  public	  and	  
private	  sector	  to	  design	  and	  efficiently	  perform	  marker-­‐assisted	  breeding	  and	  accelerate	  variety	  
development	  for	  developing	  countries.	  
Tapping	  heterosis	  to	  boost	  yields	  
Hybrids	  will	  be	  targeted	  to	  produce	  more	  stable	  and	  higher	  yields	  in	  extreme	  stress	  environments,	  
producing	  more	  when	  it	  is	  needed	  most.	  Pearl	  millet	  in	  India	  and	  for	  the	  Sahel;	  barley	  for	  expanses	  
of	  the	  steppe;	  sorghum	  for	  residual	  moisture	  conditions	  in	  peninsular	  India;	  and	  photoperiod	  
sensitive	  sorghums	  adapted	  to	  low	  phosphorus	  conditions	  in	  West	  Africa	  are	  all	  examples	  of	  how	  
hybrids	  can	  serve	  smallholders	  in	  the	  disadvantaged	  dryland	  regions.	  
Hybrids	  will	  provide	  the	  opportunity	  to	  trigger	  collaboration	  among	  a	  wide	  range	  of	  actors.	  Farmers,	  
researchers	  from	  a	  range	  of	  disciplines,	  development	  partners,	  communication	  providers,	  seed	  and	  
other	  input	  providers,	  credit	  providers,	  merchants	  and	  grain	  processors	  can	  act	  in	  concerted	  manner	  
in	  given	  target	  regions	  –	  assuming	  appropriate	  incentives	  are	  in	  place	  –	  to	  turn	  high	  cereal	  prices	  
into	  benefits	  for	  smallholder	  farmers.	  Mechanisms	  for	  interaction	  and	  platforms	  for	  local	  innovation	  
will	  need	  to	  be	  created	  to	  facilitate	  this	  process.	  
Efficient	  production	  of	  multi-­‐purpose	  varieties	  
Work	  recently	  done	  on	  pearl	  millet	  may	  represent	  one	  of	  the	  first	  proof-­‐of-­‐concept	  experiments	  for	  
genetic	  gains	  in	  food-­‐feed-­‐fodder	  traits	  achieved	  through	  conscious,	  targeted	  selection,	  namely	  
using	  recurrent	  selection	  and	  marker-­‐assisted	  breeding	  with	  the	  aim	  of	  producing	  superior	  dual-­‐
purpose	  varieties.	  Within	  two	  recurrent	  selection	  cycles	  important	  fodder	  quality	  traits	  increased	  by	  
15%.	  The	  improvement	  in	  stover	  fodder	  quality	  came	  at	  no	  penalty	  for	  grain	  or	  stover	  yield	  (Bidinger	  
et	  al.	  2009).	  These	  results	  suggest	  that	  new	  hybrids	  can	  be	  developed	  with	  concomitant	  
improvements	  in	  grain	  and	  stover	  traits	  (Nepolean	  et	  al.	  2009).	  Given	  the	  substantial	  and	  largely	  
untapped	  genetic	  variability	  present	  for	  feed/fodder	  quality	  traits	  in	  all	  species	  included	  under	  this	  
CRP,	  and	  the	  ready	  availability	  of	  high-­‐throughput,	  breeder-­‐friendly	  selection	  technologies	  (NIRS),	  
significant	  genetic	  progress	  for	  fodder	  quality	  and	  the	  development	  of	  successful	  dual-­‐purpose	  
cultivars	  adapted	  to	  dryland	  farming	  systems	  are	  likely	  to	  occur	  rapidly.	  
Dryland	  Cereals	  –	  Program	  Innovations	   78	  
Improving	  shelf	  life	  of	  dryland	  cereal	  products	  
Rapid	  rancidification	  of	  pearl	  millet	  flour	  (within	  7-­‐10	  days	  after	  milling)	  is	  a	  major	  barrier	  in	  the	  
commercialization	  of	  pearl	  millet	  flour-­‐based	  products	  (Nantanga	  et	  al.	  2008).	  This	  is	  relatively	  less	  
of	  a	  problem	  in	  barley	  and	  sorghum,	  and	  there	  appear	  to	  be	  no	  studies	  on	  finger	  millet.	  Fortunately,	  
there	  are	  processing	  technologies	  under	  development	  that	  can	  enhance	  the	  shelf	  life	  to	  several	  
months.	  A	  new	  method	  that	  involves	  moist	  heating	  of	  the	  grain	  followed	  by	  drying	  to	  about	  10-­‐12%	  
moisture	  and	  decortication	  appears	  to	  increase	  the	  shelf	  life	  of	  sorghum	  flour	  for	  up	  to	  8-­‐10	  months,	  
and	  pearl	  millet	  flour	  for	  up	  to	  3-­‐4	  months.	  This	  technology	  could	  produce	  a	  breakthrough	  in	  the	  
commercialization	  if	  it	  proves	  feasible	  for	  large-­‐scale	  application.	  Furthermore,	  research	  suggests	  
that	  there	  is	  genetic	  variation	  for	  rancidity	  associated	  traits	  and	  for	  the	  tolerance	  of	  pearl	  millet	  flour	  
to	  storage	  (Chugh	  and	  Kumar	  2004).	  Thus,	  opportunities	  exist	  to	  make	  improvements	  in	  shelf	  life	  
from	  an	  approach	  that	  explores	  a	  crop	  improvement	  angle	  in	  combination	  with	  an	  assessment	  of	  
processing	  technologies.	  	  
PRODUCT	  DELIVERY	  INNOVATIONS	  
Cell	  phones	  to	  improve	  access	  to	  information	  
What	  farmers	  don’t	  know	  can’t	  help	  them.	  Lack	  of	  information	  about	  new	  technology	  is	  the	  most	  
important	  constraint	  to	  adoption,	  second	  only	  to	  access	  to	  improved	  seed.	  Yet	  the	  explosion	  in	  the	  
ownership	  of	  cell	  phones	  –	  even	  in	  remote	  dryland	  areas	  –	  offers	  unprecedented	  opportunities	  to	  
overcome	  this	  constraint	  and	  provide	  farmers	  with	  information	  about	  new	  products,	  where	  to	  find	  
them	  and	  how	  to	  use	  them.	  Cell	  phone	  networks	  are	  already	  being	  used	  to	  provide	  services	  to	  
market-­‐oriented	  farmers.	  The	  East	  African	  Grain	  Council	  (EAGC)	  provides	  SMS	  services	  on	  weekly	  
maize	  prices	  for	  farmer	  groups	  and	  private	  buyers.	  ICRISAT	  is	  partnering	  with	  EAGC	  to	  study	  the	  
feasibility	  of	  providing	  a	  messaging	  service	  for	  sorghum	  and	  millet	  producer	  groups	  and	  buyers.	  
Better	  information	  on	  prices	  is	  expected	  to	  strengthen	  negotiating	  powers	  for	  smallholders	  and	  
higher	  prices	  will	  increase	  the	  incentives	  for	  growers	  to	  enter	  the	  market.	  However,	  cell	  phones	  are	  
also	  a	  potential	  channel	  for	  information	  to	  subsistence	  farmers	  about	  appropriate	  varieties,	  crop	  
management	  practices,	  and	  where	  to	  see	  demonstrations.	  In	  Kenya,	  the	  Real	  IPM	  Company	  has	  built	  
a	  database	  of	  farmers	  with	  mobiles	  phones	  to	  advertise	  its	  products,	  its	  meetings,	  and	  availability	  of	  
sales	  agents.	  	  
Village-­‐based	  seed	  enterprises	  approach	  (VBSEs)	  to	  improve	  seed	  supply	  
ICARDA’s	  Village-­‐Based	  Seed	  Enterprises	  (VBSEs)	  approach	  has	  been	  successful	  to	  get	  improved	  
varieties	  closer	  to	  users	  (Bishaw	  and	  Van	  Gastel	  2005,	  2008).	  The	  success	  of	  VBSE	  was	  ensured	  by	  
the	  involvement	  of	  ICARDA’s	  seed	  Unit	  in	  the	  design	  of	  simple,	  locally	  made	  in	  Syria,	  seed	  cleaning	  
and	  treatment	  machine,	  cheap	  and	  adapted	  to	  the	  needs	  of	  small	  farmers,	  even	  in	  remote	  rural	  
areas.	  These	  machines	  have	  also	  proven	  to	  be	  very	  useful	  to	  national	  breeding	  programs	  to	  manage	  
and	  distribute	  significant	  quantities	  of	  quality	  seed	  of	  new	  high	  potential	  varieties.	  VBSEs	  have	  been	  
adopted	  in	  many	  countries;	  Afghanistan,	  Algeria,	  Morocco,	  Tunisia,	  Syria	  Pakistan,	  Yemen,	  Ethiopia,	  
Eritrea,	  Iraq	  and	  Iran.	  Another	  major	  input	  of	  ICARDA	  Seed	  Unit	  is	  the	  capacity	  building	  of	  VBSEs	  
members	  in	  the	  management	  and	  maintenance	  of	  the	  seed	  machines	  as	  well	  as	  the	  design,	  planning	  
(business	  planning)	  and	  management	  of	  VBSEs.	  
Small	  packs	  to	  increase	  access	  to	  quality	  seed	  and	  fertilizer	  
Typically	  improved	  seed	  is	  available	  only	  in	  large	  packs	  (5	  kg)	  that	  limit	  purchases	  by	  poorer	  farmers.	  
Small	  seed	  packs	  (500	  grams)	  have	  demonstrated	  their	  potential	  to	  overcome	  this	  constraint	  and	  
increase	  adoption.	  In	  Kenya,	  small	  seed	  packs	  for	  beans,	  maize,	  and	  fertilizer	  have	  been	  pioneered	  
by	  NGOs.	  Purchasers	  of	  FIPS	  fertilizer	  minipacks	  (1-­‐2	  kg)	  are	  primarily	  women,	  and	  first-­‐time	  
fertilizer	  users.	  Nine	  in	  10	  users	  reported	  that	  minipacks	  doubled	  staple	  food	  consumption	  (maize,	  
sorghum,	  or	  cassava)	  from	  292	  to	  431	  g/day	  (Blackie	  and	  Albright	  2005).	  Similarly,	  the	  Real	  IPM	  
company	  (Kenya)	  promotes	  Gro-­‐Plus,	  a	  small	  pack	  of	  high-­‐quality	  soluble	  phosphorus,	  which	  is	  
added	  to	  seed	  that	  has	  been	  soaked	  (primed)	  overnight	  before	  sowing.	  One	  pack	  can	  treat	  2.2	  kg	  of	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seed.	  The	  Gro-­‐Plus	  concept	  can	  be	  adapted	  for	  Striga	  management.	  A	  StopStriga	  pack	  consists	  of	  
two	  sachets,	  one	  containing	  soluble	  nutrients	  and	  one	  containing	  a	  myco-­‐herbicide,	  instruction	  
leaflets	  on	  seed	  priming	  and	  recommendations	  about	  good	  agricultural	  practice.	  In	  the	  first	  instance	  
these	  inputs	  are	  provided	  free	  –	  while	  the	  farmers	  evaluate	  the	  product	  –	  but	  after	  this	  initial	  trial,	  
farmers	  will	  pay	  for	  further	  packs	  (DFID	  2012).	  The	  introduction	  of	  small	  seed	  packs	  for	  sorghum	  and	  
millet	  would	  encourage	  wider	  adoption.	  A	  modeling	  exercise	  made	  for	  Dryland	  Cereals	  suggested	  
that	  1	  mt	  of	  improved	  seed,	  distributed	  in	  500	  g	  seed	  packs	  could	  reach	  2000	  farmers	  within	  five	  
years	  (assuming	  75%	  adoption	  and	  farmer-­‐to-­‐farmer	  exchange).	  	  
Collective	  action	  to	  improve	  access	  to	  markets	  
Producer	  Marketing	  Groups	  (PMGs)	  can	  reduce	  transaction	  costs	  by	  bulking	  grain	  from	  many	  small	  
growers	  and	  negotiate	  higher	  prices	  from	  buyers.	  Evidence	  from	  Ethiopia	  shows	  cooperative	  
marketing	  of	  staple	  food	  crops	  raised	  farm-­‐gate	  prices	  by	  7%	  (Bernard	  et	  al.	  2010).	  Several	  
innovative	  approaches	  are	  underway	  to	  link	  poorer	  smallholders	  with	  markets.	  They	  include	  the	  
LEAD	  Project	  in	  Uganda	  (linking	  finger	  millet	  growers	  in	  Uganda	  with	  Nairobi	  millers)	  and	  SMART	  
Logistics	  that	  links	  sorghum	  growers	  in	  Kenya	  with	  East	  African	  Breweries	  Limited	  (EABL).	  Linking	  
research	  directly	  to	  these	  development	  initiatives	  will	  allow	  breeders	  to	  meet	  market	  requirements	  
and	  directly	  benefit	  poorer	  smallholders.	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INTERACTIONS	  WITH	  OTHER	  CRPS	  
Dryland	  Cereals	  will	  partner	  with	  several	  other	  CRPs,	  providing	  outputs,	  drawing	  inputs	  and	  engaging	  
in	  joint	  activities	  with	  them	  (Table	  10).	  The	  CRP	  will	  contribute	  varieties	  and	  management	  practices	  
for	  integrated	  agricultural	  systems	  for	  the	  drylands	  (under	  Dryland	  Systems).	  Dryland	  Systems	  will	  
provide	  opportunities	  to	  evaluate	  and	  promote	  improved	  varieties,	  agronomic	  methods	  and	  seed	  
systems	  in	  the	  targeted	  dryland	  systems.	  Enhanced	  incomes	  for	  smallholder	  farmers	  will	  be	  
catalyzed	  through	  Policies,	  Institutions	  and	  Markets	  via	  science-­‐based	  policy	  advice	  and	  
identification	  of	  new	  market	  opportunities.	  Dryland	  Cereals	  will	  adopt	  multi-­‐dimensional	  crop	  
improvement	  approaches	  addressing	  multiple	  traits	  at	  the	  same	  time,	  including	  feed	  and	  fodder	  
value	  of	  stover	  and	  other	  by-­‐products.	  Feed	  and	  fodder	  improvement	  will	  be	  done	  in	  close	  
collaboration	  with	  Livestock	  and	  Fish	  and	  its	  feed-­‐	  and	  fodder-­‐related	  activities.	  Dryland	  Cereals	  
research	  will	  have	  important	  synergistic	  relationships	  with	  the	  crop	  WHEAT,	  MAIZE,	  GRiSP	  and	  Grain	  
Legumes.	  Interactions	  with	  WLE	  will	  contribute	  to	  formulating	  solutions	  to	  water	  scarcity	  and	  
ecosystem	  degradation,	  and	  with	  CCAFS	  aimed	  at	  enhancing	  agricultural	  productivity	  in	  the	  context	  
of	  climate	  change.	  As	  dryland	  cereals	  are	  among	  the	  most	  adapted	  cereals	  for	  harsh	  environments,	  
WLE	  will	  be	  able	  to	  evaluate	  their	  role	  in	  improving	  resource	  use.	  CCAFS	  will	  provide	  models	  of	  
possible	  changes	  in	  dryland	  areas	  so	  that	  better	  targeting	  of	  crops	  and	  varieties	  can	  be	  achieved.	  
Dryland	  Cereals	  will	  provide	  crop	  parameters	  for	  use	  in	  improving	  crop	  models	  used	  in	  climate	  
change	  predictions.	  
LINKAGE	  WITH	  DRYLAND	  SYSTEMS	  
Dryland	  Systems	  is	  still	  under	  final	  definition	  and	  linkages	  with	  other	  CRPs	  are	  not	  fully	  articulated	  at	  
present.	  However,	  based	  on	  the	  current	  Dryland	  Systems	  proposal	  (2011),	  the	  following	  areas	  are	  
identified	  for	  linkages.	  
 Dryland	  Systems	  can	  provide	  GIS	  and	  other	  information	  to	  the	  crop	  improvement	  CRPs	  and	  
provide	  feedback	  on	  CRP3	  outputs	  that	  will	  be	  used	  in	  its	  Target	  Regions.	  	  
 There	  will	  be	  potential	  joint	  research	  for	  identifying	  priority	  systems	  and	  traits	  required	  in	  
new	  cultivars	  or	  breeds,	  as	  well	  for	  joint	  research	  on	  intensifying	  sustainably	  dryland	  systems	  
using	  the	  outputs	  from	  Dryland	  Cereals.	  	  
 Dryland	  Systems	  envisages	  the	  participation	  of	  key	  Dryland	  Cereals	  researchers	  in	  jointly	  
designing	  system	  research	  and	  for	  programming	  some	  shared	  activities	  of	  mutual	  interest.	  
Potential	  Target	  Regions	  for	  Dryland	  Systems	  
Broadly,	  Dryland	  Systems	  is	  identifying	  two	  action	  sites	  in	  each	  Target	  Region,	  with	  the	  possibility	  of	  
some	  satellite	  sites	  (de	  facto	  research	  sites).	  These	  action	  sites	  are	  based	  on	  rangeland/agro-­‐pastoral	  
systems	  (roughly	  LGP	  <90d)	  and	  mixed	  crop-­‐livestock	  systems	  (LGP	  90<180d).	  These	  action	  sites	  
should	  be	  representative	  of	  major	  systems	  in	  these	  Target	  Regions	  and	  all	  crops	  in	  these	  systems	  will	  
be	  the	  focus	  of	  research	  in	  Dryland	  Systems.	  Based	  on	  the	  latest	  information,	  most	  all	  of	  the	  sites	  
overlap	  with	  the	  proposed	  target	  countries	  for	  Dryland	  Cereals.	  Thus,	  there	  is	  good	  potential	  that	  
the	  dryland	  cereal	  cultivars	  and	  associated	  technology	  packages	  to	  be	  developed	  will	  be	  focused	  on	  
the	  same	  areas	  and	  fit	  well	  into	  the	  proposed	  systems	  research	  of	  Dryland	  Systems.	  
Boundaries	  between	  the	  two	  CRPs	  
Dryland	  Cereals	  will	  generate	  crop-­‐specific	  products	  in	  the	  form	  of	  (i)	  useful	  genetic	  variation	  and	  
cultivars	  and	  (ii)	  crop-­‐specific	  pest,	  disease	  and	  natural	  resource	  management	  technologies	  to	  
maximize	  genetic	  performance,	  i.e.	  G	  ×	  E	  ×	  M	  (IPM,	  IDM	  and	  ICM).	  
Dryland	  Systems	  is	  a	  systems	  program	  that	  will	  integrate	  components	  of	  systems,	  whether	  crops,	  
livestock	  or	  trees.	  These	  components	  will	  be	  provided	  by	  other	  CRPs,	  either	  as	  products	  to	  be	  tested	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such	  as	  cultivars	  produced	  by	  Dryland	  Cereals	  or	  as	  jointly	  developed	  technology	  packages	  that	  
involve	  genotype	  x	  environment	  x	  management	  research.	  
At	  each	  action	  site,	  Dryland	  Systems	  plans	  to	  form	  a	  Steering	  Committee	  with	  other	  CRPs	  to	  plan	  and	  
implement	  joint	  research.	  	  
Dryland	  Systems	  will:	  
 Undertake	  analysis	  of	  agricultural	  and	  livelihood	  systems,	  including	  system	  modeling	  and	  
trade-­‐off	  analysis,	  in	  the	  CRP	  action	  sites;	  and	  
 Provide	  insight	  and	  feedback	  on	  systems	  in	  terms	  of	  male	  and	  female	  farmer’s	  priorities	  for	  
species,	  cultivars	  and	  traits;	  socio-­‐economic	  and	  livelihood	  constraints;	  cropping	  system	  
typologies	  and	  crop	  management	  practices;	  partners	  and	  impact	  pathways	  in	  action	  sites.	  
Dryland	  Systems	  and	  Dryland	  Cereals	  will	  jointly:	  
 Test	  the	  products	  developed	  by	  Dryland	  Cereals	  using	  participatory	  methods,	  especially	  
cultivars	  and	  feedback	  on	  the	  performance	  of	  cultivars;	  and	  
 Develop,	  test	  and	  learn	  with	  farmers	  how	  to	  exploit	  G×E×M	  for	  dryland	  cereal	  cultivars.	  
	  
 
Figure	  9.	  Linkages	  between	  Dryland	  Systems	  and	  Dryland	  Cereals	  
	  
LINKAGE	  WITH	  CCAFS	  
CCAFS	  has	  four	  Themes,	  of	  which	  Theme	  1	  and	  Theme	  2	  are	  most	  relevant	  to	  Dryland	  Cereals.	  
Linkages	  with	  Theme	  4	  will	  be	  important	  in	  developing	  tools	  and	  data	  sharing;	  training	  on	  data	  and	  
modeling	  approaches	  to	  crop,	  livestock	  and	  fish	  performance.	  Broadly,	  The	  Themes	  are	  designed	  to	  
add	  value	  to	  technology	  development	  from	  other	  CRPs	  by	  providing	  the	  climate	  change	  context	  for	  
those	  CRPs	  and	  taking	  a	  holistic	  view	  to	  agricultural	  development	  plans	  and	  strategies	  under	  a	  
changing	  climate.	  The	  following	  is	  taken	  from	  CCAFS	  proposal.	  
Theme	  1:	  Adaptation	  to	  Progressive	  Climate	  Change	  
Major	  collaboration	  is	  envisaged,	  whereby	  CCAFS	  supports	  the	  development	  of	  breeding	  strategies	  
for	  major	  commodities	  in	  the	  face	  of	  climate	  change	  and	  subsequently	  evaluates	  specific	  
technologies	  coming	  out	  of	  Dryland	  Cereals	  for	  their	  efficacy	  in	  adapting	  to	  a	  2030	  world.	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In	  CCAFS:	  Priority	  setting	  for	  new	  
technologies	  for	  adaptation	  and	  
mitigation,	  provision	  of	  tools	  to	  
address	  climate	  context.	  
In	  Dryland	  Cereals:	  Development	  
of	  new	  crop,	  livestock	  and	  fish	  
varieties	  and	  management	  
technologies.	  
Joint:	  Testing	  of	  new	  technologies	  
out	  of	  Dryland	  Cereals	  within	  a	  
region-­‐specific	  context	  and	  in	  
combination	  with	  other	  
agricultural	  practices,	  policies	  and	  
technologies	  to	  develop	  holistic	  
adaptation/	  mitigation	  strategies.	  
In	  CCAFS:	  Modeling	  of	  virtual	  crops	  
under	  a	  changing	  climate	  to	  
identify	  future	  priority	  traits	  	  
In	  Dryland	  Cereals:	  Development	  
of	  new	  crop	  technologies	  through	  
climate	  orientated	  breeding	  
Collaboration:	  Setting	  of	  breeding	  
priorities	  
Joint:	  Expert	  workshops,	  capacity	  
enhancement	  of	  NARS	  
In	  CCAFS:	  Evaluation	  of	  potential	  
neglected/underutilized	  species	  for	  
adapting	  to	  climate	  change.	  
In	  Dryland	  Cereals:	  Development	  
of	  agricultural	  technologies.	  
Joint:	  Co-­‐development	  of	  
adaptation	  options	  that	  increase	  
on-­‐farm	  diversity	  through	  inclusion	  
of	  neglected	  and	  underutilized	  
genetic	  resources.	  
	  
Theme	  2:	  Adaptation	  through	  Managing	  Climate	  Risk	  
Dryland	  Cereals	  will	  contribute	  to	  climate-­‐resilient	  crop	  germplasm	  and	  seed	  systems,	  and	  will	  
benefit	  from	  analyses	  of	  the	  risk	  implications	  of	  cultivar	  and	  crop	  mixes.	  
In	  CCAFS:	  Development	  of	  improved	  
risk	  management	  and	  climate-­‐
resilience	  through	  sustainable	  
intensification.	  
In	  Dryland	  Cereals	  Evaluation	  of	  
improved	  germplasm	  under	  climate	  
change	  conditions.	  
Joint:	  Testing	  options	  for	  improved	  risk	  
management	  of	  food	  system	  
In	  CCAFS:	  Improved	  prediction	  of	  climate	  impacts	  
and	  enhanced	  climate	  services	  	  
In	  Dryland	  Cereals:	  Use	  of	  climate	  impact	  
information	  in	  Dryland	  Cereals	  research	  and	  
development	  
	  
Proposed	  linkages	  between	  the	  two	  CRPs	  
CCAFS.	  Therefore,	  the	  two	  major	  areas	  for	  collaboration	  between	  the	  two	  CRPs	  include	  (Figures	  9	  
and	  10):	  	  
 Setting	  breeding	  targets,	  phenotyping	  of	  traits,	  and	  modeling	  of	  climate	  change/adaptation	  
traits;	  and	  
 Testing	  of	  cultivars	  in	  analogue	  and	  other	  testing	  sites.	  
	  
Setting	  breeding	  targets	  
CCAFS	  has	  a	  small	  research	  activity	  on	  ‘virtual	  crops’,	  using	  workshops	  to	  increase	  interaction	  
between	  crop	  modelers	  and	  plant	  breeders.	  These	  workshops	  are	  for	  modelers	  to	  understand	  better	  
what	  traits,	  especially	  climate	  adaptation	  traits,	  breeders	  think	  are	  important.	  At	  present,	  these	  
workshops	  are	  limited	  to	  major	  cereals	  (rice,	  sorghum	  and	  wheat)	  and	  potatoes,	  but	  in	  time	  will	  
expand	  to	  other	  crops.	  The	  above	  crops	  were	  chosen	  because	  there	  are	  also	  NARS	  modelers;	  for	  
many	  other	  crops,	  this	  capacity	  does	  not	  exist	  currently.	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Figure	  10.	  Linkages	  between	  CCAFS	  and	  Dryland	  Cereals	  
	  
Phenotyping	  and	  modeling	  traits	  
CCAFS	  will	  support	  activities	  in	  Dryland	  Cereals	  that	  generate	  quantitative	  data	  for	  modeling	  climate	  
change	  impacts.	  Resulting	  models	  can	  also	  be	  used	  by	  CCAFS	  to	  examine	  crop-­‐specific	  and	  system	  
based	  adaptation	  options	  as	  well	  as	  climate	  change	  impact	  studies.	  Either	  CRP,	  depending	  on	  
capacity,	  may	  do	  modeling.	  The	  added	  value	  comes	  from	  the	  climate	  change	  scenarios	  and	  global	  
data	  that	  allow	  intra-­‐	  and	  inter-­‐regional	  impacts	  to	  be	  assessed.	  	  
So	  as	  an	  example,	  ICRISAT	  physiologists	  and	  breeders	  can	  jointly	  phenotype	  climate	  adaptation	  traits	  
(e.g.	  heat	  tolerance)	  for	  chickpea	  and	  sorghum,	  ensuring	  responses	  are	  quantified	  sufficiently	  for	  
these	  responses	  to	  be	  modeled.	  Collaboration	  can	  be	  through	  CCAFS	  supporting	  the	  extra	  data	  
needed	  for	  quantification	  and	  modeling,	  which	  will	  be	  beyond	  simple	  screening	  in	  a	  breeding	  
context.	  In	  these	  two	  crops	  ICRISAT	  has	  the	  modeling	  capacity	  –	  in	  others	  it	  maybe	  CCAFS	  partners.	  
Testing	  of	  cultivars	  and	  lines	  in	  analogue	  and	  other	  sites	  	  
CCAFS	  will	  also	  collaborate	  with	  Dryland	  Cereals	  on	  testing	  the	  products	  of	  the	  breeding	  programs.	  
First,	  CCAFS	  can	  identify	  ‘analogue	  sites’	  (i.e.,	  sites	  that	  represent	  predicted	  future	  climates)	  that	  
Dryland	  Cereals	  could	  use	  for	  phenotyping	  and	  testing.	  Second,	  CCAFS	  is	  establishing	  ‘climate	  smart	  
villages’	  in	  all	  its	  benchmark/target	  regions.	  These	  villages	  are	  designed	  to	  be	  benchmark	  sites	  where	  
all	  technology	  potentially	  contributing	  to	  adaptation	  can	  be	  tested.	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Table	  10.	  Envisioned	  linkages	  and	  collaboration	  between	  Dryland	  Cereals	  and	  other	  CRPs	  
CGIAR	  Research	  Program	   Outputs	  from	  Dryland	  Cereals	  
Inputs	  to	  
Dryland	  Cereals	   Joint	  Actions	  with	  Dryland	  Cereals	  
Dryland	  Systems	  	   Improved	  dryland	  cereal	  
germplasm,	  production	  and	  
processing	  technologies,	  and	  
information	  on	  seed	  and	  
input	  systems,	  value	  chains,	  
and	  market	  access.	  
Prioritization	  and	  targeting	  of	  
dryland	  cereal-­‐based	  
components	  in	  dryland	  
production	  systems.	  	  
(1)	  Characterizing	  and	  cataloging	  different	  farming	  systems	  and	  constraints	  to	  production	  in	  target	  
agro-­‐ecologies	  to	  understand	  the	  varietal	  needs	  for	  dryland	  cereals	  
(2)	  Modeling	  and	  evaluating	  cropping	  options	  for	  boosting	  productivity	  of	  farming	  systems	  
(3)	  Developing	  appropriate	  cereal	  varieties	  and	  plant	  types	  suitable	  for	  intercropping	  in	  rainfed	  
and	  irrigated	  production	  systems	  	  
(4)	  Developing	  nutrient-­‐use	  efficient	  varieties	  with	  resistance/tolerance	  to	  abiotic	  and	  biotic	  
stresses	  
(5)	  Generating	  and	  evaluating	  appropriate	  integrated	  crop	  management	  practices	  to	  enhance	  
cereal	  productivity	  in	  different	  cropping	  systems	  
(6)	  Upgrading	  farmers’	  skills	  and	  knowledge	  on	  improved	  production	  technologies	  for	  cereals	  in	  
different	  cropping	  systems	  
Policies,	  Institutions,	  and	  
Markets	  
Value-­‐added	  dryland	  cereal	  
varieties,	  information	  on	  
productivity,	  value	  chains,	  
market	  access,	  gender	  issues,	  
and	  dryland	  cereal-­‐based	  
technologies.	  	  
Foresight	  on	  policy	  and	  
market	  environments	  for	  
smallholder	  dryland	  cereal	  
production	  systems	  to	  be	  
profitable.	  Methods	  for	  value	  
chain	  analysis.	  Trend	  analysis	  
and	  scenarios	  for	  poverty,	  
markets,	  and	  risk.	  Models	  
and	  tools	  for	  impact	  
assessment.	  
(1)	  Identifying	  deficiencies	  in	  existing	  marketing	  systems	  of	  dryland	  cereals	  and	  devise	  mitigation	  
strategies	  
(2)	  Developing	  advocacy	  briefs	  that	  promote	  farmer-­‐friendly	  marketing	  infrastructure	  and	  
protocols	  for	  dryland	  cereals	  
(3)	  Promoting	  convergence	  of	  different	  agencies	  for	  providing	  effective	  delivery	  of	  services	  and	  
information	  to	  the	  farmers	  on	  dry	  land	  cereal	  production,	  processing,	  credit,	  marketing	  and	  
subsidized	  schemes	  of	  the	  Government	  to	  farmers	  
(4)	  Identifying	  and	  standardizing	  quality	  control	  mechanisms	  for	  cereals	  and	  train	  farmers	  and	  
buyers	  in	  quality	  control	  and	  monitoring	  
(5)	  Promoting	  the	  interface	  between	  food	  processors	  and	  cereals	  growers	  and	  train	  stakeholders	  
along	  all	  key	  points	  of	  the	  value	  chain	  
(6)	  Identifying	  policy	  interventions	  for	  effective	  seed	  systems	  for	  ensuring	  availability	  of	  quality	  
seed	  of	  dryland	  cereal	  varieties	  to	  farmers	  at	  affordable	  price	  
(7)	  Strengthening	  the	  skills	  of	  partners	  for	  gender-­‐sensitive,	  interdisciplinary,	  inter-­‐institutional	  and	  
multiple-­‐stakeholder	  problem	  solving	  
(8)	  Promoting	  policy	  interventions	  towards	  mitigating	  risk	  and	  uncertainties	  in	  the	  production	  of	  
dry	  land	  cereals	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CGIAR	  Research	  Program	   Outputs	  from	  Dryland	  Cereals	  
Inputs	  to	  





information	  in	  dryland	  
cereals	  on	  traits	  common	  
with	  wheat,	  maize	  and	  rice;	  
varieties	  and	  production	  
technologies	  suitable	  for	  
cereal-­‐legume	  and	  crop-­‐
livestock	  systems,	  and	  
dryland	  cereal-­‐based	  
information,	  and	  technology.	  
Genetic/genomic/phenotypic	  
information	  in	  wheat,	  maize	  
and	  rice	  on	  traits	  common	  
with	  dryland	  cereals	  
(1)	  Exchange	  information	  on	  breeding	  methodologies	  as	  well	  as	  the	  phenotypic	  and	  genotypic	  
understanding	  of	  abiotic	  and	  biotic	  stresses	  
(2)	  Establishment	  of	  the	  integrated	  breeding	  platform	  
Grain	  Legumes	  	   Appropriate	  dryland	  cereal	  




information	  in	  dryland	  
cereals	  on	  traits	  common	  
with	  grain	  legumes	  
Genetic/genomic/phenotypic	  
information	  in	  grain	  legumes	  
on	  traits	  common	  with	  
dryland	  cereals	  
(1)	  Exchange	  information	  on	  breeding	  methodologies	  as	  well	  as	  the	  phenotypic	  and	  genotypic	  
understanding	  of	  abiotic	  and	  biotic	  stresses	  
(2)	  Cereal-­‐legume	  feed/fodder	  mixtures	  appropriate	  for	  smallholder	  farmers	  
(3)	  Establishment	  of	  the	  integrated	  breeding	  platform	  
Livestock	  and	  Fish	   Strategic	  research	  on	  
feed/fodder	  quality,	  
improved	  cereal	  varieties	  
with	  better	  fodder	  quality	  
traits	  and	  development	  of	  
integrated	  crop	  management	  
practices	  for	  ensuring	  high	  
quality	  of	  cereal	  fodder	  
Phenotyping	  of	  dryland	  
cereal	  varieties	  to	  determine	  
feed/fodder	  quality	  and	  
processing	  options	  
(1)	  Foster	  enhanced	  awareness	  and	  significance	  of	  fodder	  among	  farmers	  and	  livestock	  and	  
livestock-­‐product	  producers	  
(2)	  Optimize	  sorghum	  and	  millet	  cultivar	  types	  for	  crop-­‐livestock	  systems	  	  
(3)	  Identify	  and	  facilitate	  entry	  of	  sorghum	  and	  millet	  stovers	  into	  fodder/feed	  value	  chains	  
A4NH	   Strategic	  research	  on	  
enhancing	  the	  nutritional	  
value	  of	  dryland	  cereals,	  
nutritionally	  enhanced	  
germplasm,	  breeding	  
approaches	  and	  functional	  
markers.	  
Targeting,	  advocacy,	  
promotion	  of	  nutritionally	  
enhanced	  dryland	  cereals,	  
and	  insights	  on	  the	  
interaction	  of	  gender	  and	  
nutrition	  and	  health.	  
(1)	  Priority	  setting	  for	  new	  traits	  
(2)	  Developing	  cereal	  varieties	  with	  better	  nutritional	  quality	  and	  consumer	  appeal	  and	  agronomic	  
practices	  for	  improved	  product	  quality	  
(3)	  Developing	  new	  products	  and	  processing	  methods	  for	  enhanced	  nutritional	  value	  of	  dryland	  
cereals	  
(4)	  Studying	  bioavailability,	  bio-­‐efficacy	  and	  bio-­‐effectiveness	  of	  nutrients	  from	  cereals	  and	  their	  
value-­‐added	  products	  
(5)	  Advocating	  the	  consumption	  of	  dryland	  cereals	  and	  their	  value	  added	  products	  
Dryland	  Cereals	  –	  Interactions	  with	  other	  CRPs	   86	  
CGIAR	  Research	  Program	   Outputs	  from	  Dryland	  Cereals	  
Inputs	  to	  
Dryland	  Cereals	   Joint	  Actions	  with	  Dryland	  Cereals	  
WLE	   Information	  on	  water,	  land,	  
and	  ecosystem	  information	  
with	  changes	  in	  dryland	  
cereal-­‐based	  technology	  
evolution.	  
Best-­‐bet	  practices	  for	  both	  
rainfed	  systems	  and	  irrigated	  
systems	  where	  dryland	  
cereals	  are	  cultivated	  in	  
mixed	  systems	  or	  as	  crop	  
rotations.	  	  
(1)	  Contributing	  improved	  varieties	  with	  better	  water	  and	  nutrient	  use	  efficiency	  
(2)	  Increasing	  system	  productivity	  through	  incorporation	  of	  dryland	  cereals	  in	  systems	  	  
(3)	  Scaling	  up	  of	  findings	  to	  the	  landscape	  level	  
CCAFS	   Improved	  dryland	  cereal	  
varieties	  and	  dryland	  cereal-­‐
based	  technologies	  to	  be	  
tested	  for	  resiliency	  to	  the	  
impacts	  of	  climate	  change.	  
Strategic	  foresight	  on	  the	  
potential	  impact	  of	  climate	  
change	  on	  the	  patterns	  of	  
biotic	  and	  abiotic	  stresses	  
and	  adaptation	  of	  dryland	  
cereals.	  
(1)	  Providing	  improved	  dryland	  cereal	  varieties	  which	  are	  resilient	  to	  the	  impacts	  of	  climate	  
changes	  
(2)	  Developing	  varieties	  with	  tolerance	  to	  drought,	  heat,	  and	  salinity	  stresses	  
(3)	  Helping	  to	  disseminate	  the	  most	  appropriate	  climate-­‐ready	  varieties	  and	  management	  and	  
minimizing	  the	  effects	  of	  climate	  variability	  on	  dryland	  cereal	  productivity	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GOVERNANCE	  AND	  MANAGEMENT	  
We	  have	  based	  the	  governance	  and	  management	  of	  Dryland	  Cereals	  on	  the	  principles	  outlined	  in	  
the	  CGIAR	  Strategy	  and	  Results	  Framework	  (SRF).	  The	  CRP	  is	  being	  implemented	  by	  two	  CGIAR	  
Centers	  –	  ICARDA	  and	  ICRISAT	  –	  with	  ICRISAT	  as	  the	  designated	  Lead	  Center.	  The	  Generation	  
Challenge	  Program	  will	  play	  a	  key	  role	  until	  its	  termination	  in	  2014.	  In	  addition,	  the	  CRP	  will	  be	  
supported	  through	  key	  partnerships	  with	  the	  USAID-­‐supported	  dryland	  cereals	  Collaborative	  
Research	  Support	  Program	  (currently	  INTSORMIL),	  IRD	  and	  CIRAD	  in	  France,	  the	  Indian	  Council	  of	  
Agricultural	  Research	  (ICAR)	  and	  the	  Iranian	  Agricultural	  Research	  Education	  and	  Extension	  
Organization	  (AREEO),	  as	  well	  as	  other	  NARS	  and	  public	  and	  private	  sector	  institutes	  in	  developed	  
and	  target	  countries.	  We	  have	  thus	  designed	  a	  management	  structure	  that	  provides	  effective	  
governance	  and	  oversight	  by	  the	  Lead	  Center,	  strategic	  oversight	  by	  the	  key	  partners,	  management	  
by	  contributing	  partners,	  and	  independent	  evaluation	  and	  input	  by	  outside	  experts.	  We	  recognize	  
that	  the	  proposed	  structure	  (Figure	  11)	  may	  require	  alterations	  as	  the	  CRP	  develops,	  both	  in	  terms	  
of	  membership,	  responsibilities	  and	  the	  configuration	  itself.	  Such	  possibilities	  will	  be	  continually	  
evaluated	  and	  changes	  implemented	  as	  required.	  
	  
Figure	  11.	  Dryland	  Cereals	  Governance	  and	  Management	  Structure	  
	  
ROLES	  AND	  RESPONSIBILITIES	  
The	  Lead	  Center	  (ICRISAT)	  will	  sign	  a	  Program	  Implementation	  Agreement	  (PIA)	  with	  the	  Consortium	  
of	  International	  Agricultural	  Research	  Centers	  for	  implementation	  of	  the	  CRP.	  The	  Lead	  Center,	  
represented	  by	  its	  Director	  General	  and	  Governing	  Board,	  will	  be	  responsible	  for	  the	  overall	  
performance	  of	  CRP	  by	  providing	  a	  clear	  vision,	  direction,	  priorities	  and	  focus	  through	  an	  inclusive,	  
consultative	  and	  transparent	  partnership	  process.	  Participant	  Program	  Agreements	  (PPAs)	  will	  be	  
signed	  with	  all	  key	  participants	  according	  to	  Consortium	  procedures	  and	  policies.	  
The	  Governing	  Board	  of	  ICRISAT	  will	  have	  the	  fiduciary	  and	  legal	  responsibility	  and	  accountability	  
for	  the	  implementation	  of	  the	  CRP.	  Through	  the	  Director	  General,	  it	  will	  monitor	  management	  and	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implementation,	  including	  the	  performance	  of	  the	  Dryland	  Cereals	  Director,	  Independent	  Advisory	  
Committee,	  Steering	  Committee	  and	  Research	  Management	  Committee.	  The	  governance	  and	  
management	  entities	  of	  the	  other	  partners	  will	  be	  expected	  to	  provide	  similar	  oversight	  of	  their	  
respective	  institute’s	  involvement	  in	  the	  CRP.	  This	  would	  include	  ensuring	  that	  their	  institution’s	  
policies,	  vision	  and	  mission	  are	  in	  agreement	  with	  the	  CRP,	  that	  the	  CRP	  is	  appropriately	  reflected	  in	  
their	  strategic	  plans,	  and	  that	  their	  institution	  assumes	  fiduciary	  and	  legal	  responsibilities	  and	  
accountabilities	  for	  implementing	  the	  agreed	  research	  agenda	  of	  the	  CRP.	  	  
The	  Director	  General	  of	  ICRISAT	  will	  ensure	  the	  success	  of	  Dryland	  Cereals	  by	  working	  with	  the	  
Director	  General	  of	  partner	  CGIAR	  Center	  (ICARDA)	  to:	  
 Provide	  oversight	  on	  the	  overall	  operations	  of	  the	  CRP	  through	  the	  CRP	  Director;	  
 Ensure	  implementation	  of	  the	  CRP,	  including	  the	  effective	  integration	  of	  existing	  and	  new	  
bilateral	  projects;	  
 Assign	  required	  staff	  to	  the	  CRP	  management	  committees/teams;	  
 Appoint	  and	  empower	  the	  CRP	  Director	  and	  Product	  Line	  Managers	  and	  provide	  required	  
support;	  and	  
 Ensure	  that	  performance	  contracts	  are	  successfully	  managed,	  including	  the	  management	  of	  
risks.	  
Overall	  guidance	  of	  the	  CRP	  will	  be	  provided	  by	  a	  Steering	  Committee	  that	  will	  be	  chaired	  initially	  by	  
the	  Director	  General	  (or	  designate)	  of	  the	  Lead	  Center.	  The	  Steering	  Committee	  will	  elect	  a	  new	  
chair	  every	  two	  years.	  Membership	  of	  the	  Steering	  Committee	  will	  include	  the	  Directors	  General	  (or	  
designates)	  of	  all	  CGIAR	  Centers,	  initial	  key	  partner	  NARS,	  CIRAD/IRD,	  and	  at	  least	  one	  donor	  
representative.	  The	  Steering	  Committee	  will	  be	  responsible	  for:	  
 Overall	  strategic	  direction	  of	  the	  CRP;	  
 Monitoring	  overall	  progress	  across	  the	  CRP;	  
 Advising	  on	  mechanisms	  to	  enhance	  the	  operations	  of	  the	  CRP;	  
 Enhancing	  strategic	  alliances	  with	  partners;	  
 Deciding	  suggested	  resource	  allocations	  across	  CRP	  programs	  and	  partners;	  and	  
 Establishing	  guidelines	  for	  conflict	  resolution.	  
An	  Independent	  Advisory	  Committee,	  reporting	  to	  the	  Lead	  Center	  Governing	  Board,	  will	  provide	  
input	  and	  advice	  to	  the	  ICRISAT	  Governing	  Board	  and	  RMC	  on	  the	  quality	  and	  relevance	  of	  the	  CRP	  
research	  portfolio,	  priority	  setting	  and	  allocation	  of	  resources.	  The	  committee	  will	  be	  composed	  of	  
five	  to	  six	  independent	  R4D	  experts	  with	  relevant	  experience	  and	  expertise	  in	  dryland	  cereals	  and	  
the	  target	  regions,	  and	  at	  least	  two	  representatives	  for	  the	  sub-­‐regional	  organizations	  in	  the	  
targeted	  regions.	  Nominations	  will	  be	  sought	  from	  CRP	  partners	  with	  final	  appointments	  made	  by	  
the	  Lead	  Center	  Governing	  Board.	  Appointments	  will	  be	  for	  an	  initial	  three-­‐year	  period.	  The	  
committee	  will	  meet	  at	  least	  once	  in	  person,	  with	  other	  meetings	  conducted	  virtually	  as	  required.	  
The	  committee	  will	  elect	  its	  chair	  from	  among	  its	  members.	  Written	  reports	  will	  be	  provided	  to	  the	  
ICRISAT	  Governing	  Board	  and	  the	  RMC	  following	  each	  meeting	  and	  as	  part	  of	  the	  CRP	  annual	  
evaluation.	  
A	  Research	  Management	  Committee	  (RMC)	  will	  be	  chaired	  by	  the	  CRP	  Director	  and	  will	  include	  the	  
seven	  Product	  Line	  Coordinators	  (see	  below).	  Directors	  of	  Research	  (or	  their	  designates)	  from	  
CIRAD/IRD	  and	  the	  USAID-­‐supported	  dryland	  cereals	  CRSP	  will	  also	  be	  members	  of	  the	  RMC.	  The	  
RMC	  will	  be	  the	  key	  entity	  responsible	  for	  the	  establishment,	  execution	  and	  monitoring	  of	  the	  CRP	  
research	  portfolio,	  strategy,	  work	  plans	  and	  annual	  budgets.	  The	  RMC	  will	  meet	  regularly,	  with	  at	  
least	  one	  meeting	  being	  in-­‐person.	  The	  RMC	  will:	  
 Coordinate	  strategic	  foresight,	  planning	  and	  reporting	  of	  the	  R4D	  portfolio;	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 Monitor	  and	  evaluate	  research	  progress	  across	  the	  CRP	  
 Develop	  annual	  research	  plans	  and	  budget	  allocations;	  
 Prepare	  required	  reports	  for	  submission	  to	  the	  Consortium	  Board;	  
 Identify	  necessary	  resources	  (financial	  and	  otherwise)	  to	  meet	  the	  goals	  of	  the	  CRP;	  
 Communicate	  and	  represent	  the	  CRP	  globally	  (e.g.,	  at	  major	  events);	  
 Organize	  periodic	  research	  reviews	  and	  impact	  assessments;	  and	  
 Conduct	  annual	  meetings	  of	  the	  CRP	  that	  include	  meetings	  of	  the	  Independent	  Advisory	  
Committee.	  
The	  Dryland	  Cereals	  Director,	  who	  will	  report	  to	  the	  Lead	  Center	  Director	  General,	  will	  be	  
internationally	  recruited	  by	  the	  Lead	  Center	  in	  consultation	  with	  the	  other	  partners.	  The	  Director	  will	  
lead	  the	  development	  and	  implementation	  of	  the	  CRP’s	  R4D	  agenda	  with	  the	  RMC,	  ensuring	  the	  
highest	  quality	  and	  relevance	  of	  the	  program’s	  outputs,	  and	  have	  decision-­‐making	  authority	  over	  the	  
day-­‐to-­‐day	  operations	  of	  the	  Program.	  This	  position	  will	  require	  a	  full-­‐time	  commitment	  and	  be	  
compensated	  accordingly;	  she/he	  will	  be	  covered	  by	  the	  policies	  of	  the	  Lead	  Center.	  The	  Lead	  Center	  
Director	  General	  will	  oversee	  the	  recruitment,	  approve	  the	  Terms	  of	  Reference	  for,	  and	  annually	  
evaluate	  the	  performance	  of	  the	  CRP	  Director.	  The	  Director	  will	  organize	  the	  RMC,	  Independent	  
Advisory	  Committee	  and	  other	  meetings	  and	  reviews	  for	  the	  CRP,	  chairing	  such	  meetings	  where	  
required.	  Specific	  responsibilities	  will	  include:	  
 Developing	  a	  clear	  and	  shared	  vision	  for	  Dryland	  Cereals	  among	  all	  partners	  and	  stakeholders	  
and	  communicate	  this	  vision	  to	  all	  stakeholders;	  
 Providing	  intellectual	  leadership	  to,	  and	  coordinate	  implementation	  of,	  the	  CRP;	  
 Developing	  strong	  partnerships	  among	  participating	  centers,	  partners	  and	  other	  
stakeholders;	  
 Representing	  the	  CRP	  in	  international	  fora	  to	  ensure	  that	  the	  CRP	  is	  highly	  visible	  and	  strongly	  
supported	  by	  investors	  and	  other	  stakeholders;	  
 Guiding	  fundraising	  efforts	  for	  the	  CRP	  together	  with	  the	  Centers	  and	  other	  partners;	  and	  
 Ensuring	  that	  the	  CRP	  has	  well	  developed	  and	  articulated	  gender	  and	  capacity	  strengthening	  
strategies,	  defined	  work	  plans,	  clear	  deliverables,	  and	  that	  the	  CRP	  meets	  its	  programmatic	  
and	  financial	  targets.	  
A	  Program	  Management	  Unit	  (PMU)	  will	  support	  the	  CRP	  Director,	  who	  will	  supervise	  its	  staff	  and	  
operations.	  The	  PMU	  will	  consist	  initially	  of	  a	  Senior	  Administrative	  Officer	  and	  a	  Communications	  
and	  Information	  Manager	  (to	  provide	  support	  in	  various	  communication	  matters	  including	  the	  CRP	  
website,	  newsletters,	  reports,	  etc.).	  ICRISAT	  will	  assign	  a	  part-­‐time	  financial	  manager	  and	  contracts	  
officer	  in	  its	  respective	  departments	  to	  provide	  the	  required	  assistance	  to	  the	  CRP	  Director.	  Support	  
for	  resource	  mobilization	  will	  be	  provided	  by	  ICRISAT’s	  Strategic	  Marketing	  and	  Communications	  
Office	  (SMCO),	  coordinated	  with	  similar	  offices	  in	  the	  partner	  institutes	  and	  at	  the	  Consortium	  level.	  
Program	  evaluation	  will	  be	  assisted	  by	  ICRISAT’s	  Impact	  Assessment	  Office	  and	  through	  externally	  
managed	  reviews	  and	  evaluations.	  ICRISAT	  and	  the	  CRP	  Director	  will	  monitor	  the	  requirements	  for	  
additional	  administrative	  assistance	  and	  make	  adjustments	  as	  required.	  
Dryland	  Cereals	  is	  focused	  on	  developing	  and	  having	  impact	  through	  seven	  Product	  Lines	  and	  
associated	  production	  packages.	  Each	  PL	  will	  be	  coordinated	  by	  a	  Product	  Line	  Coordinator	  (PLC),	  
who	  will	  have	  at	  least	  a	  half-­‐time	  appointment	  and	  will	  continue	  to	  be	  affiliated	  with	  their	  home	  
institution,	  with	  the	  agreement	  of	  the	  institution.	  It	  is	  expected	  that	  ICARDA	  and	  ICRISAT	  will	  host	  at	  
least	  one	  coordinator	  each,	  with	  efforts	  made	  to	  have	  some	  Product	  Lines	  managed	  by	  the	  key	  
partners.	  It	  is	  also	  expected	  that	  the	  PLCs	  will	  bring	  a	  range	  of	  disciplinary	  expertise	  to	  provide	  
general	  oversight	  of	  one	  or	  more	  of	  the	  Strategic	  Components.	  Partners	  will	  nominate	  the	  
Coordinators,	  with	  appointments	  being	  made	  by	  the	  CRP	  Director.	  The	  PLCs	  will	  be	  responsible	  for	  
assembling	  and	  managing	  the	  team	  of	  scientists	  across	  the	  Strategic	  Components	  and	  partners	  to	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ensure	  that	  activities	  for	  delivering	  agreed	  outputs	  within	  each	  Product	  Line	  are	  effectively	  
implemented,	  coordinated,	  and	  monitored/assessed.	  PLCs	  will	  maintain	  close	  relationships	  with	  the	  
CRP	  Director,	  as	  well	  as	  with	  other	  PLCs,	  relevant	  partners,	  donors	  and	  stakeholders	  involved	  in	  the	  
CRP.	  PLCs	  will	  provide	  the	  required	  reports	  to	  the	  CRP	  Director	  and	  participate	  in	  the	  face-­‐to-­‐face	  
RMC	  meeting,	  annual	  CRP	  and	  other	  meetings	  as	  required.	  
Dispute	  resolution	  among	  the	  Grain	  Legumes	  partners	  or	  with	  external	  parties	  will	  be	  handled,	  if	  
within	  the	  domain	  of	  R4D	  (including	  partnerships),	  according	  to	  policies	  established	  by	  the	  RMC.	  If	  
disputes	  fall	  in	  the	  domain	  of	  institutional	  and	  legal	  responsibilities,	  the	  Lead	  Center	  Director	  
General,	  in	  consultation	  with	  the	  Steering	  Committee,	  will	  resolve	  them	  in	  accordance	  with	  the	  
principles	  established	  in	  the	  Consortium	  Constitution.	  Should	  the	  RMC	  be	  unable	  to	  resolve	  any	  
given	  dispute,	  the	  matter	  will	  be	  referred	  to	  and	  resolved	  by	  the	  Consortium	  in	  accordance	  with	  the	  
policy	  establish	  by	  the	  Consortium.	  
MANAGEMENT	  OF	  INTELLECTUAL	  PROPERTY	  
CRP	  intellectual	  property	  (IP)	  management	  will	  be	  aligned	  with	  the	  overall	  CGIAR	  Consortium	  
Guiding	  Principles	  on	  the	  Management	  of	  Intellectual	  Property,	  which	  are	  driven	  by	  the	  mission	  of	  
the	  CGIAR	  and	  the	  imperative	  that	  the	  products	  of	  the	  Centers'	  research	  should	  be	  international	  
public	  goods.	  
As	  the	  CRP	  will	  work	  with	  a	  wide	  range	  of	  partners,	  including	  national	  agricultural	  research	  systems,	  
advanced	  research	  institutes,	  civil	  society	  organizations,	  private	  sector	  companies,	  and	  regional	  and	  
international	  intergovernmental	  organizations,	  the	  CRP	  will	  develop	  an	  IPR	  regime	  that	  allows	  all	  
partners	  to	  honor	  their	  own	  IP	  policies	  without	  compromising	  the	  CGIAR	  principles.	  Ultimately,	  the	  
Centers	  must	  produce,	  manage	  and	  provide	  access	  to	  the	  products	  of	  their	  research	  for	  use	  by,	  and	  
for	  the	  benefit	  of	  the	  poor,	  especially	  farmers	  in	  developing	  countries.	  
Intellectual	  assets	  resulting	  from	  this	  CRP	  will	  be	  made	  available	  globally	  and	  publicly.	  Centers	  hold	  
their	  in-­‐trust	  collections	  of	  germplasm	  for	  the	  benefit	  of	  the	  world	  community,	  in	  accordance	  with	  
agreements	  signed	  by	  Centers	  and	  the	  Governing	  Body	  of	  the	  International	  Treaty	  on	  Plant	  Genetic	  
Resources	  for	  Food	  and	  Agriculture	  (ITPGRFA).	  All	  such	  germplasm	  exchanges	  will	  be	  conducted	  
using	  the	  Standard	  Material	  Transfer	  Agreement	  (SMTA).	  All	  other	  material	  transfers	  will	  be	  done	  
under	  an	  appropriate	  MTA	  that	  follows	  the	  guidelines	  of	  the	  Consortium’s	  Policy	  on	  Intellectual	  
Property.	  
KNOWLEDGE	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In	  general	  terms,	  knowledge	  management	  (KM)	  comprises	  a	  variety	  of	  strategies	  and	  practices	  used	  
to	  identify,	  create,	  represent,	  distribute,	  and	  enable	  adoption	  of	  insights	  and	  experiences.	  Such	  
insights	  and	  experiences	  comprise	  knowledge,	  either	  embodied	  in	  individuals	  or	  embedded	  in	  
organizational	  processes	  or	  practice.	  Many	  non-­‐profit	  organizations	  dedicate	  significant	  resources	  to	  
KM,	  often	  as	  a	  part	  of	  their	  fundamental	  business	  plan.	  The	  same	  must	  be	  done	  in	  the	  context	  of	  the	  
CRP.	  
Internally,	  KM	  efforts	  typically	  focus	  on	  management-­‐related	  objectives,	  such	  as	  improved	  
organizational	  performance,	  clarity	  about	  competitive	  advantages	  and	  innovations,	  and	  the	  sharing	  
of	  lessons	  learned.	  In	  the	  context	  of	  a	  CRP,	  KM	  efforts	  will	  overlap	  with	  monitoring,	  evaluating	  and	  
learning	  (ME&L),	  and	  will	  both	  reinforce	  and	  draw	  on	  ME&L	  efforts.	  Effective	  KM	  (and	  of	  course,	  
ME&L)	  will	  be	  critical	  to	  the	  overall	  success	  of	  this	  CRP.	  Given	  the	  organizational	  complexity	  of	  this	  
initiative,	  we	  must	  be	  willing	  to	  invest	  in	  efforts	  designed	  to	  help	  partners	  obtain	  and	  share	  valuable	  
insights,	  reduce	  redundant	  work	  (by	  increasingly	  relying	  on	  task	  specialization),	  increase	  the	  
efficiency	  of	  R4D	  activities	  and	  capacity	  strengthening	  efforts,	  retain	  intellectual	  capital	  as	  partners	  
(and	  individuals)	  involved	  in	  the	  CRP	  change	  or	  turnover,	  and	  adapt	  to	  often	  rapidly	  changing	  
operational	  environments	  and	  new	  opportunities.	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Effective	  KM	  systems	  require	  careful	  analysis	  and	  expert	  advice	  in	  their	  design	  and	  development.	  
They	  are	  often	  most	  effective	  if	  developed	  from	  the	  ground	  up,	  that	  is,	  if	  their	  development	  begins	  
with	  the	  data,	  information	  and	  knowledge	  needed	  by	  the	  end	  users	  –	  in	  this	  case	  smallholder	  
farmers	  in	  dryland	  areas.	  The	  KM	  system	  is	  then	  designed	  with	  those	  ultimate	  needs	  in	  mind.	  This	  
will	  help	  all	  CRP	  partners	  reduce	  the	  expenditure	  of	  scarce	  resources	  on	  accumulating	  “nice	  to	  have”	  
data	  and	  information,	  and	  keep	  us	  more	  focused	  on	  gathering,	  storing	  and	  sharing	  information	  that	  
will	  facilitate	  the	  achievement	  of	  our	  strategic	  objectives	  and	  the	  delivery	  of	  critical	  outputs	  and	  
outcomes	  that	  will	  lead	  to	  impact.	  
Over	  the	  past	  few	  decades,	  rapid	  developments	  in	  genomic	  and	  other	  molecular	  research	  
technologies,	  as	  well	  as	  brisk	  advancements	  in	  information	  technologies,	  have	  combined	  to	  produce	  
and	  enable	  the	  effective	  management	  of	  a	  tremendous	  amount	  of	  information	  related	  to	  molecular	  
biology.	  Bioinformatics	  tools	  and	  geo-­‐spatial	  mapping	  will	  be	  critical	  components	  of	  CRP	  knowledge	  
management	  efforts,	  but	  even	  these	  high-­‐end	  information	  technologies	  will	  be	  oriented	  towards	  
resolving	  practical	  problems	  arising	  from	  the	  management	  and	  analysis	  of	  very	  large	  amounts	  of	  
agro-­‐biological	  data	  and	  information.	  
Agricultural	  research	  and	  development	  communication	  is	  also	  undergoing	  a	  transformation,	  one	  
driven	  by	  the	  spread	  of	  high-­‐speed	  Internet	  connectivity;	  the	  advent	  of	  digital	  media;	  the	  
development	  of	  new	  tools,	  platforms	  and	  methodologies;	  and	  changes	  in	  the	  ways	  the	  world	  
accesses	  and	  uses	  information.	  The	  opportunity	  is	  before	  us	  to	  implement	  systems	  for	  the	  rapid,	  
highly	  targeted	  and	  efficient	  transfer	  of	  research	  results,	  and	  transform	  them	  into	  practice	  and	  
policy	  recommendations	  –	  while	  simultaneously	  capturing	  them	  in	  peer-­‐reviewed	  journals	  and	  
publications.	  
Effective	  and	  unified	  communication	  by	  the	  CRP	  partners	  will	  require	  careful	  study	  and	  deliberate	  
implementation	  of	  agreed	  guidelines.	  We	  will	  be	  operating	  in	  a	  complex	  arrangement	  of	  interlocking	  
groups	  and	  interests,	  at	  international,	  regional,	  national	  and	  local	  levels.	  Communicating	  effectively	  
in	  this	  context	  will	  be	  challenging,	  as	  will	  communicating	  effectively	  and	  efficiently	  to	  a	  wide	  array	  of	  
stakeholders	  and	  other	  interested	  parties	  not	  directly	  involved	  in	  the	  CRP.	  A	  guiding	  principle	  for	  this	  
work	  is	  that	  communication	  activities	  will	  be	  aligned	  with	  and	  promote	  our	  strategic	  objectives;	  such	  
activities	  do	  not	  comprise	  an	  end	  in	  themselves.	  Another	  guiding	  principle	  is	  that	  all	  partners	  should	  
be	  communicating	  on	  behalf	  of	  the	  CRP,	  and	  in	  doing	  so	  view	  their	  own	  organizational	  and	  individual	  
interests	  as	  secondary	  to	  those	  of	  the	  overall	  program.	  	  
The	  CRP	  Director	  will	  have	  general	  responsibility	  for	  communicating	  on	  behalf	  of	  the	  CRP	  partners	  to	  
a	  wide	  variety	  of	  audiences,	  and	  will	  help	  establish	  and	  monitor	  –	  in	  concert	  with	  the	  RMC	  –	  the	  
program’s	  communication	  action	  plan.	  Implementation	  of	  that	  plan	  will	  occur	  at	  all	  levels	  and	  be	  
carried	  out	  by	  many	  of	  those	  involved	  in	  the	  R4D	  work,	  but	  regardless	  of	  their	  organizational	  
affiliation,	  their	  communication	  efforts	  will	  rest	  on	  the	  strategic	  needs,	  interests	  and	  achievements	  
of	  the	  CRP.	  
Communication	  work	  will	  be	  made	  an	  integral	  part	  of	  the	  R4D	  process,	  and	  not	  be	  just	  a	  by-­‐product	  
of	  it.	  The	  CRP	  will	  invest	  in	  developing	  the	  communication	  skills	  of	  key	  individuals	  and	  partners	  –	  
especially	  their	  ability	  to	  interact	  effectively	  with	  the	  media	  –	  and	  communication	  work	  will	  be	  
periodically	  audited	  to	  ensure	  that	  resources	  are	  being	  spent	  wisely	  and	  for	  optimum	  impact.	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TIMEFRAME	  
Dryland	  Cereals	  began	  the	  proposal	  development	  process	  with	  delineating	  the	  partners’	  vision	  of	  
realistic	  impacts	  to	  be	  achieved	  through	  collaborative	  R4D	  over	  the	  next	  ten	  years.	  We	  have	  outlined	  
milestones	  for	  the	  first	  three	  years	  (through	  2014	  as	  we	  will	  most	  likely	  start	  CRP	  activities	  in	  2012).	  
Each	  year,	  the	  partners	  will	  conduct	  an	  extensive	  analysis	  of	  progress	  achieved	  relative	  to	  projected	  
milestones	  and	  in	  the	  context	  of	  our	  initial	  priorities.	  Based	  on	  the	  results	  of	  those	  annual	  analyses,	  
we	  may	  modify	  our	  priorities,	  planned	  activities	  and	  anticipated	  milestones	  as	  we	  go,	  creating	  a	  
rolling	  three-­‐year	  action	  plan.	  	  
Dryland	  Cereals	  will	  continue	  the	  extensive	  discussions	  that	  have	  already	  been	  held	  among	  the	  initial	  
partners	  and,	  at	  the	  same	  time,	  bring	  other	  key	  partners	  on	  board	  to	  help	  map	  out	  specific	  work	  
plans	  for	  the	  first	  three	  years	  of	  the	  initiative.	  In	  developing	  this	  proposal,	  the	  current	  partners	  
identified	  general	  areas	  where	  they	  believe	  collaboration	  can	  be	  more	  effective.	  During	  the	  first	  six	  
months,	  our	  focus	  will	  shift	  to	  elaborating	  and	  clarifying	  relative	  roles	  and	  responsibilities	  of	  those	  
involved	  in	  order	  to	  effectively	  implement	  collaborative	  efforts	  and	  more	  fully	  realize	  the	  potential	  
efficiencies	  we	  see,	  and	  hopefully	  identify	  others.	  Thus,	  in	  the	  first	  six	  months,	  a	  detailed	  business	  
plan	  will	  be	  developed	  –	  one	  that	  reflects	  our	  plans	  for	  mainstreaming	  important	  gender	  dimensions	  
of	  Dryland	  Cereals	  R4D,	  capacity	  strengthening,	  and	  details	  regarding	  different	  research	  activities,	  
technologies	  to	  be	  developed	  and/or	  promoted,	  and	  the	  relative	  roles	  of	  different	  partners	  and	  their	  
contributions	  to	  achieving	  the	  Dryland	  Cereals	  strategic	  objectives.	  As	  will	  other	  CRPs,	  during	  the	  
coming	  six	  months	  from	  this	  submission	  (and	  regardless	  of	  approval	  date),	  we	  will	  more	  fully	  
develop	  our	  gender	  strategy	  in	  the	  context	  of	  the	  guidelines	  that	  have	  been	  recently	  provided.	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MITIGATING	  RISKS	  
While	  it	  is	  impossible	  to	  eliminate	  all	  risks,	  the	  governance	  and	  management	  of	  Dryland	  Cereals	  will	  
ensure	  effective	  risk	  management	  is	  in	  place.	  The	  CGIAR	  Centers	  have	  risk	  management	  policies	  and	  
procedure	  operational,	  and	  will	  use	  these	  as	  baselines	  for	  the	  CRP	  as	  many	  of	  the	  risks	  will	  be	  in	  
common.	  Risk	  management	  will	  be	  the	  clear	  responsibility	  for	  CRP	  management,	  with	  oversight	  by	  
the	  Lead	  Center	  Governing	  Board.	  
First	  and	  foremost,	  the	  CRP	  presents	  a	  new	  mode	  of	  operations	  with	  existing	  partners	  and	  with	  
entirely	  new	  partners.	  There	  will	  be	  a	  relatively	  steep	  learning	  curve	  associated	  with	  the	  new	  ways	  
of	  doing	  business	  that	  we	  are	  actively	  promoting	  in	  this	  endeavor,	  which	  may	  slow	  our	  progress	  (at	  
least	  initially).	  A	  streamlined	  management	  structure,	  careful	  selection	  of	  partners	  involved	  in	  the	  
CRP,	  and	  transparent	  discussions	  on	  roles	  and	  responsibilities	  will	  help	  mitigate	  this	  risk,	  as	  will	  the	  
simple	  good	  will	  that	  all	  partners	  will	  bring	  to	  the	  initiative.	  
Related	  to	  this	  is	  the	  need	  to	  accentuate	  accountability	  and	  promote	  ownership	  of	  Dryland	  Cereals	  
by	  the	  partners	  involved.	  Since	  many	  activities	  related	  to	  impact	  are	  beyond	  the	  control	  of	  the	  
research	  program	  itself,	  we	  must	  also	  give	  emphasis	  to	  the	  inclusion	  of	  development	  agencies	  and	  
extension	  services	  early	  on	  in	  research	  planning	  and	  implementation.	  Doing	  so	  may	  increase	  
transaction	  costs,	  but	  will	  help	  mitigate	  the	  risk	  of	  limited	  impact	  on	  the	  ground.	  Towards	  this,	  
having	  a	  member	  of	  the	  IAC	  from	  a	  development	  agency	  would	  help	  provide	  inputs	  into	  achieving	  
buy-­‐in	  by	  this	  critical	  sector.	  
As	  alluded	  to	  in	  other	  CRPs,	  the	  main	  risks	  to	  all	  are	  global	  in	  character,	  i.e.	  local	  problems	  are	  less	  
likely	  to	  affect	  the	  overall	  success	  of	  Dryland	  Cereals	  than	  are	  such	  things	  as	  continued	  global	  
financial	  challenges,	  and	  the	  resulting	  political	  pressure	  to	  cut	  aid	  financing.	  While	  part	  of	  the	  CGIAR	  
reform	  process	  is	  to	  streamline	  resourcing	  of	  the	  CRPs,	  we	  need	  to	  cultivate	  both	  public	  and	  private,	  
Consortium	  and	  non-­‐Consortium	  funding	  sources,	  to	  attract	  the	  necessary	  level	  of	  funding.	  	  
Seriously	  inept	  or	  inefficient	  management	  combined	  with	  poor	  oversight	  presents	  a	  risk	  to	  the	  
success	  of	  this	  and	  other	  CRP	  initiatives.	  Strong	  monitoring	  and	  evaluation,	  both	  within	  Dryland	  
Cereals	  as	  well	  as	  independently	  of	  it,	  broad-­‐based	  expert	  advice	  and	  feedback,	  and	  an	  emphasis	  on	  
consensus	  decision-­‐making	  and	  conflict	  resolution	  will	  help	  to	  ameliorate	  management-­‐related	  risks.	  
Many	  of	  the	  countries	  where	  Dryland	  Cereals	  proposes	  (and	  needs)	  to	  work	  are	  experiencing	  or	  
have	  experienced	  recently	  social	  and	  political	  volatility.	  Both	  ICARDA	  and	  ICRISAT	  have	  faced	  such	  
situations	  and	  have	  established	  strong	  measures	  to	  monitor	  the	  situation	  and	  to	  avoid	  potential	  
effects	  on	  staff	  and	  operations.	  In	  such	  countries,	  Dryland	  Cereals	  will	  especially	  emphasize	  
partnerships	  and	  involvement	  of	  local	  institutions	  to	  minimize	  this	  risk	  and	  to	  provide	  options	  to	  
maintain	  operations	  in	  the	  face	  of	  difficult	  times.	  	  
As	  noted	  in	  Dryland	  Systems,	  while	  dry	  area	  systems	  have	  always	  been	  characterized	  by	  risk,	  these	  
risks	  are	  changing	  and	  in	  some	  cases	  increasing.	  At	  the	  same	  time,	  the	  capacity	  to	  manage	  risk	  has	  
declined	  as	  a	  result	  of	  restricted	  access	  to	  resources,	  lack	  of	  information,	  land	  degradation	  and	  land	  
tenure	  insecurity.	  Resource	  conflicts	  characterize	  dry	  areas,	  and	  could	  be	  severe	  in	  some	  cases	  (e.g.,	  
the	  availability	  and	  control	  of	  water	  resources	  in	  West	  and	  Central	  Asia).	  Mitigation	  of	  such	  risks	  will	  
be	  difficult,	  and	  will	  depend	  on	  wise	  counsel	  and	  full	  participation	  in	  community	  level	  activities,	  with	  
priorities	  being	  driven	  locally.	  
Continued	  government	  policy	  bias	  against	  the	  support	  of	  smallholder	  farmers	  in	  marginal	  areas,	  
even	  in	  the	  face	  of	  growing	  evidence	  of	  the	  value	  and	  importance	  of	  their	  enterprises,	  is	  an	  
important	  risk.	  Efforts	  to	  speak	  with	  a	  unified	  voice	  to	  policymakers	  and	  other	  influential	  people	  
should	  help	  reduce	  this	  risk,	  but	  policy	  decisions	  are	  usually	  not	  made	  on	  the	  basis	  of	  well-­‐reasoned	  
arguments	  or	  even	  solid	  scientific	  evidence.	  Dryland	  Cereals	  partners	  will	  need	  to	  identify	  local,	  
regional	  and	  even	  international	  ‘champions’	  who	  have	  the	  ear	  of	  key	  policymakers	  and	  who	  might,	  
Dryland	  Cereals	  –	  Mitigating	  Risks	   94	  
over	  time,	  be	  able	  to	  influence	  the	  course	  of	  political	  decisions	  impinging	  on	  dryland	  cereal	  
production,	  processing	  and	  marketing.	  
Finally,	  important	  risks	  to	  the	  longer-­‐term	  sustainability	  of	  Dryland	  Cereals	  could	  include	  insufficient	  
interest	  on	  the	  part	  of	  private	  sector	  organizations	  needed	  to	  push	  commercialization	  of	  new	  
technologies,	  as	  well	  as	  insufficient	  capacity	  on	  the	  part	  of	  national	  agricultural	  R4D	  institutions	  to	  
sustain	  the	  initiative	  well	  into	  the	  future.	  By	  including	  public	  and	  private	  organizations	  in	  the	  early	  
stages	  of	  research	  planning	  and	  implementation,	  we	  believe	  that	  sustainability	  risks	  will	  be	  
diminished	  due	  to	  a	  stronger	  sense	  of	  ownership	  and	  accountability	  for	  success.	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MONITORING	  AND	  EVALUATION	  
Dryland	  Cereals	  will	  generate	  a	  number	  of	  diverse	  outputs,	  including	  improved	  crop	  varieties,	  crop	  
management	  technologies,	  data	  and	  information,	  capacity	  building	  tools,	  and	  genetic	  and	  genomic	  
resources.	  These	  outputs,	  which	  are	  detailed	  in	  previous	  sections,	  are	  planned	  to	  result	  in	  desired	  
outcomes	  that	  ultimately	  lead	  to	  the	  intended	  impacts	  of	  reducing	  poverty	  and	  malnutrition	  and	  
enhancing	  food	  security.	  	  
The	  CRP’s	  monitoring	  and	  evaluation	  systems	  and	  process	  will	  fully	  conform	  to	  the	  principles	  and	  
standards	  now	  being	  established	  by	  the	  CGIAR	  Consortium	  for	  all	  CRPs,	  and	  as	  these	  become	  
available,	  our	  monitoring	  and	  evaluation	  (M&E)	  plans	  and	  activities	  will	  be	  adjusted	  accordingly.	  To	  
effectively	  ensure	  that	  we	  achieve	  our	  outcomes,	  ex	  ante	  impact	  assessments	  will	  be	  conducted	  
during	  the	  project	  development	  stage.	  Building	  from	  that	  base,	  M&E	  studies	  will	  be	  conducted	  
during	  the	  implementation	  of	  the	  CRP.	  To	  complete	  the	  cycle,	  ex	  post	  impact	  assessments	  will	  be	  
carried	  out	  after	  allowing	  sufficient	  time	  to	  quantify	  and	  assess	  research	  and	  development	  impacts	  
and	  to	  aid	  in	  priority	  setting.	  	  
Effective	  M&E	  for	  the	  CRP	  comprises	  a	  number	  of	  components	  that	  are	  linked	  together	  to	  form	  an	  
M&E	  system.	  We	  can	  visualize	  this	  as	  a	  system	  with	  the	  following	  six	  major	  components.	  	  
 A	  Logical	  Framework	  that	  specifies	  the	  goal,	  outcomes,	  and	  outputs	  of	  the	  dryland	  cereals	  
program.	  This	  logical	  framework	  specifies	  the	  objectively	  verifiable	  indicators	  (OVIs)	  that	  are	  
required	  to	  measure	  program	  outcomes	  and	  outputs,	  as	  well	  as	  the	  means	  of	  verification	  
(MOVs)	  for	  these	  indicators.	  	  
 	  The	  Data	  required	  to	  measure	  progress	  against	  these	  indicators	  and	  verify	  whether	  targets	  
have	  been	  met.	  
 The	  Tools	  that	  are	  required	  to	  collect	  this	  data,	  and	  guidelines	  for	  how	  data	  should	  be	  
collected,	  and	  how	  often.	  
 The	  Reporting	  System	  that	  specifies	  the	  process	  by	  which	  information	  that	  is	  being	  collected	  
is	  communicated	  to	  the	  project	  management	  and	  to	  donors.	  
 A	  Database	  in	  which	  information	  is	  stored	  and	  made	  accessible	  to	  project	  staff	  and	  
management.	  
 A	  Learning	  Component	  that	  reflects	  on	  the	  lessons	  emerging	  from	  the	  M&E	  process	  and	  
feeds	  information	  back	  to	  management	  and	  program	  staff	  in	  order	  to	  make	  mid-­‐course	  
corrections	  to	  program	  activities.	  
An	  effective	  M&E	  system	  requires	  clear	  lines	  of	  responsibility	  for	  each	  component	  in	  the	  system.	  The	  
major	  actors	  in	  the	  M&E	  system	  for	  dryland	  cereals	  are	  the	  following.	  
 The	  CGIAR	  M&E	  Unit	  that	  has	  overall	  responsibility	  for	  designing	  the	  M&E	  of	  the	  CRPs.	  	  
 The	  CRP	  Management	  Team,	  led	  by	  the	  CRP	  Director,	  which	  will	  provide	  overall	  coordination	  
for	  the	  M&E	  process.	  
 The	  Product	  Line	  Coordinators	  who	  will	  be	  responsible	  for	  M&E	  reporting	  for	  a	  specific	  
Product	  Line.	  
 Research	  Partners	  who	  will	  be	  responsible	  for	  reporting	  on	  progress	  for	  specific	  outputs,	  
against	  agreed	  specific	  indicators.	  
 The	  Independent	  Advisory	  Committee	  who	  will	  be	  responsible	  for	  providing	  feedback	  on	  
performance	  across	  the	  CRP.	  
Priorities	  established	  in	  this	  document	  are	  based	  on	  assessments	  found	  in	  the	  CGIAR	  Strategy	  and	  
Results	  Framework.	  During	  implementation	  of	  Dryland	  Cereals,	  ongoing	  M&E	  exercises	  will	  be	  
performed	  at	  various	  levels.	  Partners	  will	  conduct	  their	  own	  internal	  M&E	  of	  agreed	  research	  
activities.	  At	  the	  CRP	  level,	  the	  Research	  Management	  Committee	  (RMC)	  will	  have	  responsibility	  for	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ensuring	  that	  proposed	  outputs	  are	  delivered	  and	  that	  expected	  outcomes	  are	  successful.	  This	  will	  
require	  formal,	  annual	  project	  evaluations,	  as	  well	  as	  mid-­‐term	  and	  end-­‐of-­‐program	  reviews	  by	  
independent	  experts	  including	  evaluation	  by	  end	  users	  (farmers)	  and	  consumers.	  
We	  also	  plan	  that	  the	  Independent	  Advisory	  Committee	  will	  provide	  short-­‐term	  annual	  reviews	  and	  
feedback.	  Given	  the	  breadth	  and	  scope	  of	  the	  CRP,	  additional	  experts	  will	  be	  commissioned	  to	  
provide	  inputs	  into	  specific	  activities.	  All	  reports	  and	  feedback	  will	  be	  considered	  by	  the	  RMC	  and	  
required	  adjustments	  made	  as	  needed	  in	  our	  research	  planning.	  	  
Some	  of	  the	  major	  indicators	  to	  be	  used	  for	  M&E	  including:	  	  
 Enhanced	  genetic	  resources	  and	  new	  sources	  of	  resistance	  to	  abiotic	  and	  biotic	  stresses	  and	  
improved	  nutritional	  quality,	  productivity	  and	  product	  quality	  including	  palatability	  and	  
consumer	  acceptance;	  	  
 Leading-­‐edge	  scientific	  knowledge	  on	  genetics	  and	  genomics	  published	  and	  their	  potential	  
applications	  in	  genetic	  improvement	  assessed;	  	  
 Cultivars	  derived	  from	  IARC	  germplasm	  released	  by	  NARES	  and	  grown	  on	  a	  large-­‐scale	  along	  
with	  recommended	  crop	  management	  practices;	  	  
 Efficient	  private	  sector	  and	  informal	  seed	  production	  and	  delivery	  systems/models	  
established	  and	  operating	  in	  each	  target	  country,	  supported	  by	  reformed	  national	  and	  
regionally	  harmonized	  regulatory	  frameworks;	  	  
 Capacity	  building	  and	  technology	  delivery	  frameworks	  and	  options	  enhanced	  to	  facilitate	  
farmers’	  access	  to	  validated	  technology	  such	  as	  quality	  seed	  of	  improved	  crop	  cultivars,	  crop	  
management	  approaches	  and	  other	  farm	  inputs;	  farmer	  and	  consumer	  acceptance	  of	  final	  
product;	  and	  
 Publication	  of	  peer	  reviewed	  research	  articles,	  curated	  data	  sets	  and	  learning	  materials	  in	  
granulated	  form	  to	  support	  use	  in	  multiple	  contexts	  by	  the	  partners	  and	  stakeholders.	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Table	  11.	  Monitoring	  and	  Evaluation	  (M&E)	  Framework	  (Process	  and	  Performance	  Indicators)	  
M&E	  Indicators	   Type	  of	  output	   Measurement	   Method	  of	  M&E	   Implementing	  Agency	   Frequency	   M&E	  Agency	  
Enhanced	  genetic	  resources	  
and	  new	  sources	  of	  resistance	  
to	  abiotic	  and	  biotic	  stresses	  
and	  improved	  nutritional	  




Quantity	  of	  output	  
a)	  No.	  of	  accessions	  
screened	  and	  
characterized.	  
b)	  Crop	  productivity	  and	  
nutritional	  composition	  	  
c)	  Consumer	  acceptance	  
of	  product	  quality	  	  
Field	  and	  laboratory	  
inspection	  and	  analysis	  









Leading	  edge	  scientific	  
knowledge	  on	  genetics	  and	  
genomics	  published	  
Publications	   a)	  No.	  of	  scientific	  
articles	  published	  in	  
international/	  national	  
journals,	  books,	  reports,	  
monographs.	  
Analysis	  of	  data	  on	  
performance	  of	  crop	  




publications	  by	  type,	  
author,	  collaborator.	  
Citation	  index.	  
IARC,	  NARES	   Annually	   Implementing/	  
Executing	  
agency	  
Cultivars	  derived	  from	  IARC	  
germplasm	  released	  by	  NARES	  
and	  grown	  on	  a	  large	  scale	  






a)	  No.	  of	  improved	  
cultivars	  released	  under	  
different	  conditions,	  	  
b)	  Effectiveness	  and	  cost	  
of	  crop	  management	  
practices/technologies	  
recommended,	  
c)	  Productivity	  and	  
returns	  per	  ha	  	  
d)	  BC	  ratio	  




Visits	  to	  varietal	  trails,	  
field	  days	  and	  
demonstration	  plots.	  




IARC,	  NARES	   Monthly/	  Quarterly	   Implementing/	  
Executing	  
agency	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M&E	  Indicators	   Type	  of	  output	   Measurement	   Method	  of	  M&E	   Implementing	  Agency	   Frequency	   M&E	  Agency	  
Efficient	  private	  sector	  and	  
informal	  seed	  production	  and	  
delivery	  systems/	  models	  
established	  and	  operating	  in	  
each	  target	  country,	  
supported	  by	  nationally	  
reformed	  and	  regionally	  
harmonized	  regulatory	  
frameworks	  





a)	  Quantity	  of	  seed	  
produced	  and	  
distributed	  at	  right	  time,	  
place,	  and	  at	  right	  price.	  	  
b)	  Increased	  seed	  
replacement	  ratio.	  	  
c)	  Reduced	  transaction	  
cost	  of	  seed	  distribution	  
at	  agency	  and	  farmer	  
levels.	  	  




Seed	  market	  surveys,	  
number	  of	  
dealer/agencies	  












Capacity	  building	  and	  
technology	  delivery	  
frameworks	  and	  options	  
enhanced	  to	  facilitate	  farmers’	  
access	  to	  validated	  technology	  
such	  as	  quality	  seed	  of	  
improved	  crop	  cultivars,	  crop	  
management	  approaches	  and	  
other	  farm	  inputs	  
Enhanced	  capacity	  of	  
human	  resources	  and	  
Gender	  participation	  
a)	  No.	  of	  trainings	  
organized.	  
b)	  No.	  of	  partners/	  
collaborators/	  clients	  
trained.	  
c)	  Dissemination	  of	  
gained	  knowledge.	  
d)	  Gender	  wise	  
receptivity.	  
e)	  Impact	  on	  farmers’	  
fields	  due	  to	  capacity	  
building.	  




survey	  of	  beneficiaries.	  
Initial	  adoption	  
surveys.	  
Impact	  analysis	  at	  farm	  
level	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M&E	  Indicators	   Type	  of	  output	   Measurement	   Method	  of	  M&E	   Implementing	  Agency	   Frequency	   M&E	  Agency	  
Publication	  of	  peer	  reviewed	  
research	  articles,	  curated	  data	  
sets	  and	  learning	  materials	  in	  
highly	  granulated	  form	  to	  
support	  use	  in	  multiple	  
contexts	  by	  the	  partners	  and	  
stakeholders	  
Publications/	  Data	  sets/	  
Learning	  material	  
	  
a)	  No.	  of	  peer	  reviewed	  
articles,	  books,	  reports,	  
monographs,	  policy	  
briefs.	  





publications	  by	  type,	  




IARC,	  NARES	   Annually	   Implementing/	  
Executing	  
agency	  
Impact	  analysis	  of	  new	  
technology	  released.	  	  
	  
Knowledge	  on	  impact	   a)	  Impact	  analysis	  using	  
primary	  and	  secondary	  
data	  	  
b)	  Sustainability	  of	  
technology	  released	  
Economic	  impact	  
analysis	  at	  farmer/	  
primary	  level	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BUDGET	  NARRATIVE	  AND	  TABLES	  
The	  Dryland	  Cereals	  budget	  for	  the	  first	  three	  years	  (2012	  to	  2014/15,	  assuming	  a	  2012	  starting	  
date)	  is	  composed	  of	  funding	  from	  Windows	  1	  and	  2	  and	  existing	  bilateral	  project	  funding	  for	  
ICRISAT,	  ICARDA	  and	  the	  GCP.	  Bilateral	  project	  activities	  and	  corresponding	  budgets	  were	  first	  
allocated	  across	  the	  CRP	  production	  packages.	  Additional	  funding	  from	  Windows	  1	  and	  2	  was	  then	  
allocated	  based	  on	  priorities	  and	  projected	  expenses	  for	  each	  output.	  Each	  output	  budget	  
represents	  the	  requirements	  for	  ICRISAT,	  ICARDA,	  the	  GCP	  and	  the	  key	  partners	  to	  be	  initially	  
funded	  by	  the	  CRP.	  	  
Table	  12.	  Dryland	  Cereals	  Funding	  Budget	  (USD	  '000)	  
Funding	  Source	   Year	  1	   Year	  2	  	   Year	  3	  	   3-­‐Year	  Total	  
ICARDA	   	   	   	   	   	  
CGIAR	  Window	  1	  &	  2:	  Research	   	  1,574	  	   	  1,653	  	   	  1,735	  	   4,962	  	   30%	  
Bilateral	  Funding	  (secured)*	   	  1,335	  	   	  526	  	   	  168	  	   	  2,029	  	   12%	  
Bilateral	  Funding	  (to	  be	  obtained)	   	  2,000	  	   3,500	   4,000	   9,500	   58%	  
ICARDA	  Totals	   4,909	   5,679	   5,903	   16,491	   100%	  
*	  includes	  Other	  Center	  Income	   	   	   	   	   	  
ICRISAT	   	   	   	   	   	  
CGIAR	  Window	  1	  &	  2:	  Research	   	  5,562	  	   5,840	  	   6,132	  	   	  17,534	  	   29%	  
Bilateral	  Funding	  (secured)*	   	  10,918	  	   	  8,163	  	   	  4,534	  	   	  23,615	  	   39%	  
Bilateral	  Funding	  (to	  be	  obtained)	   	  0	  	   	  6,023	  	   	  13,541	  	   	  19,564	  	   32%	  
ICRISAT	  Totals	   	  16,480	  	   	  20,026	  	   	  24,207	  	   	  60,713	  	   100%	  
*	  includes	  Other	  Center	  Income	   	   	   	   	   	  
Generation	  Challenge	  Program	   	   	   	   	   	  
CGIAR	  Window	  1	  &	  2:	  Research	   -­‐	  	   -­‐	  	   -­‐	  	   -­‐	  	   	  
Bilateral	  Funding	  (secured)*	   	  1,021	  	   934	  	   832	  	   	  2,786	  	   100%	  
Bilateral	  Funding	  (to	  be	  obtained)	   -­‐	  	   -­‐	  	   -­‐	  	   -­‐	  	   	  
GCP	  Totals	   	  1,021	  	   	  934	  	   	  832	  	   	  2,786	  	   100%	  
*	  includes	  Other	  Center	  Income	   	   	   	   	   	  
All	  Centers	   	   	   	   	   	  
CGIAR	  Window	  1	  &	  2:	  Research	   	  7,136	  	   	  7,493	  	   	  7,867	  	   	  22,496	  	   27%	  
CGIAR	  Window	  1	  &	  2:	  CRP	  Management	   1,376	  	   1,445	   1,517	   4,338	   5%	  
Total	  CGIAR	  Window	  1	  &	  2	   8,512	  	   8,938	   9,384	   26,834	   32%	  
Bilateral	  Funding	  (secured)*	   	  13,274	  	   9,623	  	   	  5,534	  	   	  28,430	  	   34%	  
Bilateral	  Funding	  (to	  be	  obtained)	   2,000	  	   9,523	   17,541	   29,064	   34%	  
All	  Centers	  Totals	   	  23,786	  	   28,084	   32,459	   84,328	   100%	  
*	  includes	  Other	  Center	  Income	   	   	   	   	   	  
	  
The	  CRP	  is	  projecting	  a	  total	  budget	  of	  USD	  84.3	  million	  for	  the	  initial	  three-­‐year	  period	  (Table	  12).	  
We	  are	  requesting	  that	  USD	  26.8	  million	  (32%)	  be	  provided	  from	  CGIAR	  Windows	  1	  and	  2	  (USD	  22.5	  
million	  for	  research	  and	  USD	  4.3	  million	  for	  CRP	  management).	  The	  Window	  1	  and	  2	  funding	  for	  Year	  
1	  is	  based	  on	  the	  guidelines	  received	  at	  the	  time	  of	  the	  initiation	  of	  the	  CRP	  process.	  Window	  1	  and	  
2	  funding	  in	  Years	  2	  and	  3	  is	  based	  on	  a	  5%	  increase	  over	  the	  previous	  year	  budget	  level.	  Additional	  
funding	  will	  come	  from	  already	  secured	  bilateral	  projects	  (USD	  28.4	  million;	  34%;	  see	  Appendix	  6	  for	  
a	  list	  of	  the	  major	  bilateral	  projects	  included	  in	  the	  CRP).	  This	  leaves	  a	  current	  funding	  gap	  of	  USD	  
29.1	  million	  (34%).	  The	  funding	  gap	  will	  be	  met	  by	  additional	  funds	  being	  allocated	  by	  the	  Fund	  
Council	  through	  the	  Consortium	  to	  Windows	  1	  and	  2,	  or	  by	  the	  CRP	  Centers	  seeking	  additional	  
bilateral	  projects	  if	  such	  Window	  funding	  is	  not	  available.	  Note	  that	  the	  Generation	  Challenge	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Program	  (GCP)	  is	  not	  requesting	  financial	  support	  through	  the	  CRP	  but	  will	  continue	  to	  receive	  funds	  
directly	  from	  CGIAR	  donors	  through	  end	  of	  2013,	  as	  indicated	  in	  the	  GCP	  transition	  strategy,	  to	  
ensure	  a	  smooth	  transition	  of	  its	  on-­‐going	  research	  activities	  and	  contractual	  obligations.	  GCP's	  
financial	  support	  to	  CGIAR	  Centers	  is	  reported	  under	  their	  respective	  budget	  as	  secured	  bilateral	  
funding	  and	  resources	  reported	  under	  GCP	  indicates	  funds	  allocated	  to	  non-­‐CGIAR	  Center	  partners.	  
Table	  13.	  Budget	  by	  Product	  Line	  (USD	  '000)	  
Product	  Line	   Year	  1	   Year	  2	  	   Year	  3	  	   3-­‐Year	  Total	  
PL1	  Sorghum	  for	  West	  Africa	   	  2,834	  	   	  3,373	  	   	  3,916	  	   	  10,123	  	   12%	  
PL2	  Pearl	  millet	  for	  East	  and	  West	  Africa	   	  3,569	  	   	  4,248	  	   	  4,932	  	   	  12,749	  	   15%	  
PL3	  Sorghum	  for	  East	  Africa	   	  2,666	  	   	  3,174	  	   	  3,685	  	   	  9,525	  	   11%	  
PL4	  Finger	  millet	  for	  East	  and	  Southern	  Africa	   	  1,615	  	   	  1,922	  	   	  2,232	  	   	  5,768	  	   7%	  
PL5	  Barley	  for	  Africa	  and	  Asia	   	  4,407	  	   	  5,245	  	   	  6,090	  	   	  15,742	  	   19%	  
PL6	  Pearl	  millet	  for	  East	  Africa	  and	  South	  Asia	   	  3,569	  	   	  4,247	  	   	  4,932	  	   	  12,748	  	   15%	  
PL7	  Sorghum	  for	  South	  Asia	   	  2,379	  	   	  2,832	  	   	  3,289	  	   	  8,500	  	   10%	  
Total	  Product	  Lines	   	  21,039	  	   	  25,041	  	   	  29,077	  	   	  75,157	  	   89%	  
Gender	  Research	  &	  Analysis	   1,371	   1,598	   1,864	   4,832	   6%	  
CRP	  Management	   1,376	  	   1,445	   1,517	   4,338	   5%	  
Total	  Budget	   23,786	   28,084	   32,459	   84,328	   100%	  
	  
The	  Dryland	  Cereals	  research	  budget	  represents	  95%	  of	  the	  total	  expenses	  and	  is	  based	  on	  projected	  
collective	  research	  costs	  for	  each	  Product	  Line	  (Table	  13).	  A	  separate	  budget	  for	  gender	  research	  and	  
analysis	  is	  indicated	  and	  more	  details	  provided	  below.	  For	  completeness,	  we	  have	  included	  the	  CRP	  
management	  budget	  in	  the	  table.	  Table	  14	  presents	  the	  three-­‐year	  research	  budget	  for	  each	  Product	  
Line	  and	  Strategic	  Component.	  
Table	  14.	  Total	  Three-­‐Year	  Budget	  by	  Product	  Line	  and	  Strategic	  Component	  (USD	  '000)	  
























Strategic	  Components	   	   	   	   	   	   	   	   	   	  
	  SC1	  Assembling	  data	  &	  knowledge	   1,518	   1,821	   1,214	   607	   1,546	   1,821	   1,518	   10,045	   12%	  
	  SC2	  Developing	  improved	  cultivars	   4,796	   5,160	   3,954	   2,884	   8,553	   4,553	   3,339	   33,239	   39%	  
	  SC3	  Integrating	  management	  options	   1,214	   1,821	   1,214	   1,214	   1,889	   1,821	   911	   10,084	   12%	  
	  SC4	  Promoting	  seed	  dissemination	   1,684	   2,428	   1,929	   759	   2,204	   2,732	   1,518	   13,254	   16%	  
	  SC5	  Promoting	  market	  value	  addition	   911	   1,518	   1,214	   304	   1,550	   1,821	   1,214	   8,532	   10%	  
Total	  Strategic	  Components	   10,123	   12,749	   9,525	   5,768	   15,742	   12,748	   8,500	   75,154	   89%	  
Gender	  Research	  &	  Analysis	   651	   820	   612	   371	   1,012	   820	   547	   4,832	   6%	  
CRP	  Management	   584	   736	   550	   333	   909	   736	   491	   4,338	   5%	  
Totals	  
11,358	   14,304	   10,687	   6,472	   17,663	   14,303	   9,537	   84,324	   100%	  
13%	   17%	   13%	   8%	   21%	   17%	   11%	   100%	   	  
	  
Partners	  are	  critical	  for	  the	  success	  of	  Dryland	  Cereals	  and	  a	  total	  of	  USD	  13.1	  million	  (16%)	  of	  the	  
three-­‐year	  budget	  is	  allocated	  for	  them.	  The	  budget	  for	  the	  Generation	  Challenge	  Program	  (GCP)	  is	  
entirely	  designated	  for	  partners	  (non-­‐CGIAR	  Centers).	  The	  Center	  Partners	  budget	  represents	  funds	  
that	  are	  provided	  by	  the	  CGIAR	  Centers	  directly	  to	  partners	  (Table	  15).	  All	  of	  the	  partners	  are	  
currently	  engaged	  in	  joint	  research	  with	  one	  of	  the	  key	  CRP	  partners	  and	  details	  of	  the	  budget	  
allocations	  are	  defined	  in	  the	  specific	  contracts	  and	  bilateral	  project	  agreements	  with	  each	  partner.	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Several	  partners,	  especially	  IRD,	  CIRAD,	  USAID’s	  dryland	  cereals	  programs,	  ICAR	  and	  AREEO,	  will	  also	  
make	  significant	  in-­‐kind	  contributions	  to	  the	  CRP.	  These	  institutes	  and/or	  programs	  have	  their	  own	  
source	  of	  funding	  to	  support	  infrastructure,	  salaries	  and	  operational	  expenses.	  Through	  better	  
coordination	  of	  efforts	  under	  the	  CRP,	  these	  opportunities	  will	  be	  tapped	  to	  greatly	  enhance	  
progress	  towards	  the	  goals	  of	  Dryland	  Cereals.	  We	  will	  also	  work	  with	  each	  partner,	  and	  additional	  
potential	  partners,	  to	  help	  identify	  additional	  funding	  resources	  to	  support	  the	  work	  of	  partners	  in	  
the	  CRP.	  
Table	  15.	  Budget	  by	  Partner	  (USD	  '000)	  
Partner	   Year	  1	   Year	  2	  	   Year	  3	  	   3-­‐Year	  Total	  
ICRISAT	   	  14,008	  	   	  17,022	  	   	  20,576	  	   	  51,606	  	   61%	  
ICARDA	   4,562	   5,276	   5,485	   15,323	   18%	  
GCP	  Partners	   	  1,021	  	   	  934	  	   	  832	  	   	  2,786	  	   3%	  
Center	  Partners	   	  2,819	  	   	  3,406	  	   4,049	   10,275	   13%	  
CRP	  Management	   1,376	  	   1,445	   1,517	   4,338	   5%	  
Total	  Budget	   23,786	   28,084	   32,459	   84,328	   100%	  
	  
Personnel	  costs	  (scientific	  and	  technical	  salaries	  and	  supporting	  costs)	  represent	  the	  largest	  
percentage	  of	  the	  budget	  (35%,	  Table	  16).	  Institutional	  management	  has	  been	  kept	  at	  18%,	  while	  
management	  of	  the	  CRP	  is	  5%	  of	  total	  costs.	  
Table	  16.	  Budget	  by	  Category	  (USD	  '000)	  
Category	   Year	  1	   Year	  2	  	   Year	  3	  	   3-­‐Year	  Total	  
Research	   	   	   	   	   	  
	  	  Personnel	  Costs	   	  8,199	  	   9,870	   11,661	   29,729	   35%	  
	  	  Supplies	  and	  Services	   3,401	   4,055	   4,623	   12,079	   14%	  
	  	  Travel	   1,435	   1,719	   1,985	   5,139	   6%	  
	  	  Workshops/Conferences/Training	   	  723	  	   857	   959	   2,540	   3%	  
	  	  Capital	  Expenditures	   598	   721	   850	   2,168	   3%	  
	  	  Partners	   	  3,840	  	   4,340	   4,881	   13,061	   16%	  
Institutional	  Management	   	  4,214	  	   5,077	   5,983	   15,273	   18%	  
CRP	  Management	   1,376	  	   1,445	   1,517	   4,338	   5%	  
Total	  Budget	   23,786	   28,084	   32,459	   84,328	   100%	  
	  
Costs	  for	  gender	  research	  and	  analysis	  are	  budgeted	  separately	  and	  include	  scientists’	  time	  and	  
operating	  expenses	  across	  the	  partners	  (Table	  17).	  Approximately	  6%	  (USD	  4.8	  million)	  of	  the	  total	  
first	  three-­‐year	  budget	  has	  been	  specifically	  allocated	  for	  gender-­‐related	  research.	  ICRISAT	  and	  
ICARDA	  have	  gender	  specialists	  who	  will	  devote	  approximately	  35%	  of	  their	  time	  to	  Dryland	  Cereals	  
conducting	  research	  on	  gender	  aspects	  of	  targeting,	  planning,	  design	  and	  implementation.	  
Table	  17.	  Dryland	  Cereals	  Gender	  Research	  and	  Analysis	  Budget	  (USD	  '000)	  
Center	   Year	  1	   Year	  2	  	   Year	  3	  	   3-­‐Year	  Total	  
	  ICARDA	   250	   250	   250	   750	  
	  ICRISAT	   	  1,071	  	   	  1,302	  	   	  1,573	  	   	  3,946	  	  
	  GCP	   	  50	  	   	  46	  	   	  41	  	   	  137	  	  
Total	  Budget	   	  1,371	   1,598	   1,864	   4,833	  
	  
Given	  the	  need	  to	  effectively	  manage	  the	  CRP	  across	  all	  partners,	  including	  a	  number	  of	  non-­‐CGIAR	  
partners,	  a	  specific	  budget	  for	  CRP	  management	  is	  proposed	  (Table	  18).	  The	  budget	  includes	  costs	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(salaries,	  travel	  and	  operations)	  for	  the	  CRP	  Director	  (1.0	  FTE),	  seven	  Product	  Line	  Coordinators	  (0.5	  
FTE	  each),	  the	  Program	  Management	  Unit	  (1.0	  FTE	  administrative,	  1.0	  FTE	  communications,	  0.5	  FTE	  
financial	  and	  0.5	  FTE	  HR	  managers),	  Research	  Management	  Committee	  meetings	  twice	  each	  year,	  
and	  travel	  and	  honoraria	  costs	  for	  Independent	  Advisory	  Committee	  members	  to	  meet	  twice	  each	  
year.	  The	  total	  management	  budget	  is	  5%	  of	  the	  total	  CRP	  budget	  for	  the	  three-­‐year	  period.	  	  
Table	  18.	  Dryland	  Cereals	  Management	  Budget	  (USD	  '000)	  
Category	   Year	  1	   Year	  2	  	   Year	  3	  	   3-­‐Year	  Total	  
CRP	  Director	  
	  	  (salary,	  travel,	  operations)	   280	   294	   309	   883	   20%	  
Product	  Line	  Coordinators	  
	  	  (salaries,	  travel,	  operations)	   708	   743	   781	   2,232	   51%	  
Program	  Management	  Unit	  
	  	  (salaries,	  operations)	   208	   218	   229	   656	   15%	  
Research	  Management	  Committee	  
	  	  (travel,	  operations)	   90	   95	   99	   284	   7%	  
Independent	  Advisory	  Committee	  
	  	  (honorarium,	  travel,	  operations)	   90	   95	   99	   284	   7%	  
Total	  CRP	  Management	  Budget	   1,376	   1,445	   1,517	   4,338	   100%	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APPENDIX	  1.	  OVERVIEW	  OF	  THE	  DRYLAND	  CEREALS	  
Barley	  (Hordeum	  vulgare	  L.	  
emend.	  Bowden)	  is	  grown	  on	  18	  
million	  hectares	  in	  developing	  
countries	  (Figure	  A1-­‐1),	  often	  at	  
the	  fringes	  of	  deserts	  and	  
steppes	  or	  at	  high	  elevations	  with	  
modest	  or	  no	  inputs.	  It	  is	  
cultivated	  by	  56	  developing	  
countries	  of	  which	  48	  countries	  
are	  located	  in	  the	  dry	  areas	  and	  
contribute	  a	  grain	  volume	  of	  29	  
million	  metric	  tons	  with	  an	  
average	  productivity	  of	  1.7	  
tons/hectare	  (dry	  area	  averages	  
for	  2001-­‐2010	  from	  FAOSTAT).	  
Barley	  is	  an	  important	  food	  
source	  for	  60%	  of	  the	  population	  
in	  the	  highlands	  of	  Ethiopia.	  It	  is	  also	  the	  staple	  food	  for	  impoverished	  farmers	  in	  the	  Andes	  and	  
Himalayas	  at	  altitudes	  of	  2,200-­‐4,000	  meters	  above	  sea	  level,	  due	  to	  its	  tolerance	  to	  cold	  
temperatures,	  drought,	  poor	  soils	  and	  soil	  salinity.	  Barley	  grain	  is	  rich	  in	  zinc	  (up	  to	  50	  ppm),	  iron	  (up	  
to	  60	  ppm)	  and	  soluble	  fibers,	  and	  has	  a	  higher	  content	  of	  Vitamins	  A	  and	  E	  than	  other	  major	  
cereals.	  
Barley	  has	  many	  uses.	  Its	  grain	  is	  used	  as	  feed	  for	  animals,	  for	  malting,	  and	  as	  food	  for	  direct	  human	  
consumption.	  About	  75%	  of	  world	  barley	  is	  used	  for	  animal	  feed	  and	  20%	  for	  malting,	  with	  the	  
remaining	  5%	  for	  direct	  food	  use.	  Barley	  straw	  is	  used	  as	  animal	  feed	  in	  many	  developing	  countries,	  
and	  for	  animal	  bedding	  and	  as	  cover	  material	  for	  hut	  roofs.	  After	  combine	  harvesting,	  barley	  
stubbles	  are	  grazed	  in	  summer	  in	  large	  areas	  of	  West	  Asia	  and	  North	  Africa.	  Barley	  is	  also	  used	  for	  
green	  grazing	  or	  is	  cut	  before	  maturity	  and	  either	  directly	  fed	  to	  animals	  or	  used	  for	  silage.	  
Malt	  is	  the	  second	  largest	  use	  of	  barley,	  and	  malting	  barley	  is	  grown	  as	  a	  cash	  crop	  in	  a	  number	  of	  
developing	  countries.	  Utilization	  for	  malting	  and	  by	  the	  brewing	  industry	  has	  picked	  up	  recently	  with	  
an	  increase	  of	  consumption	  of	  beer	  and	  other	  malt	  products	  in	  many	  countries.	  
In	  the	  highlands	  of	  Tibet,	  Nepal,	  Ethiopia,	  Eritrea,	  in	  the	  Andean	  countries,	  and	  in	  North	  Africa,	  
barley	  is	  used	  as	  human	  food	  either	  for	  bread	  making	  (usually	  mixed	  with	  bread	  wheat)	  or	  for	  
traditional	  recipes.	  These	  regions	  are	  characterized	  by	  harsh	  living	  conditions	  and	  are	  home	  to	  some	  
of	  the	  poorest	  farmers	  in	  the	  world	  who	  depend	  on	  low-­‐productivity	  systems.	  In	  the	  Andes	  barley	  is	  
the	  staple	  food	  for	  farmers	  at	  altitudes	  ranging	  from	  2,200	  to	  4,000	  meters	  above	  sea	  level	  (masl).	  
Above	  3,000	  meters,	  barley,	  faba	  bean,	  potatoes	  and	  quinoa	  are	  the	  four	  crops	  that	  support	  human	  
and	  animal	  life.	  In	  recent	  years	  the	  use	  of	  barley	  as	  food	  has	  gained	  momentum,	  especially	  in	  North	  
America	  and	  Europe.	  In	  developed	  countries	  barley	  is	  claimed	  as	  a	  functional	  food	  and	  used	  in	  many	  
bakery	  products	  and	  recipes.	  Barley	  bran	  flour	  accelerates	  gastrointestinal	  transit	  time,	  thereby	  
reducing	  the	  incidence	  of	  colon	  cancer.	  In	  a	  2010	  ranking	  of	  cereal	  crops	  in	  the	  world,	  barley	  was	  
fourth	  both	  in	  terms	  of	  quantity	  produced	  (142	  million	  tons)	  and	  in	  area	  cultivated	  (55	  million	  ha).	  
Hulless	  or	  "naked"	  barley	  is	  a	  form	  of	  barley	  with	  an	  easier	  to	  remove	  hull.	  Naked	  barley	  is	  an	  
ancient	  food	  crop,	  but	  a	  new	  industry	  has	  developed	  around	  uses	  of	  selected	  hulless	  barley	  in	  order	  
to	  increase	  the	  digestible	  energy	  of	  the	  grain,	  especially	  for	  swine	  and	  poultry.	  Hulless	  barley	  has	  
been	  investigated	  for	  several	  potential	  new	  applications	  as	  whole	  grain,	  and	  for	  its	  value-­‐added	  
products.	  These	  include	  bran	  and	  flour	  for	  multiple	  food	  applications.	  
Figure	  A1-­‐1.	  Global	  harvested	  area	  for	  barley	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Global	  barley	  production	  has	  remained	  more	  or	  
less	  constant	  over	  the	  past	  30	  years,	  though	  
there	  are	  regional	  differences.	  During	  that	  
period,	  global	  area	  under	  barley	  has	  decreased,	  
but	  has	  remained	  fairly	  constant	  during	  the	  last	  
decade.	  Yield	  has	  generally	  increased,	  with	  a	  few	  
notable	  regional	  differences.	  The	  world	  average	  
yield	  of	  barley	  is	  2.7	  t/ha,	  ranging	  from	  about	  1.0	  
t/ha	  in	  Africa	  to	  more	  than	  3.0	  t/ha	  in	  East	  Asia,	  
Europe,	  and	  the	  Americas.	  The	  average	  yield	  in	  
developing	  countries	  is	  about	  1.7	  t/ha,	  and	  
almost	  3.0	  t/ha	  in	  developed	  countries.	  
Frequently,	  grain	  yields	  in	  the	  dry	  areas	  are	  lower	  
than	  1.0	  t/ha	  as	  result	  of	  drought.	  	  
Major	  constraints	  to	  barley	  production	  include	  
stresses	  associated	  with	  the	  crop	  being	  able	  to	  
withstand	  the	  most	  severe	  conditions	  such	  as	  
drought,	  frost,	  salinity,	  low	  soil	  fertility,	  low	  soil	  
pH	  and	  poor	  soil	  drainage;	  foliar	  and	  root	  
diseases,	  such	  as	  net	  and	  spot	  blotch,	  scald,	  powdery	  mildew,	  fusarium	  head	  blight,	  rusts	  and	  
dryland	  root	  rots;	  insects,	  such	  as	  Russian	  wheat	  aphids	  and	  barley	  stem	  gall	  midge;	  nematodes,	  
such	  as	  cereal	  cyst	  nematode;	  and	  viruses,	  such	  as	  barley	  yellow	  dwarf	  virus.	  In	  some	  developing	  
country	  barley-­‐growing	  areas,	  the	  risk	  of	  crop	  failure	  is	  very	  high	  and	  the	  use	  of	  fertilizers,	  herbicides	  
and	  pesticides	  is	  virtually	  absent.	  
Opportunities	  to	  be	  explored	  include:	  the	  development	  of	  improved	  varieties	  of	  barley	  for	  feed,	  food	  
and	  malt	  uses;	  the	  possibility	  of	  barley	  becoming	  more	  profitable	  for	  smallholder	  farmers	  in	  dry	  
areas	  coping	  with	  climate	  change,	  mainly	  rising	  temperatures	  and	  increasing	  pressure	  on	  water	  
availability;	  the	  exploitation	  of	  rich	  genetic	  resources	  and	  available	  genomic	  tools	  for	  the	  
identification	  and	  deployment	  of	  favorable	  alleles	  at	  genes	  contributing	  significantly	  to	  abiotic	  and	  
biotic	  stress	  resistances,	  as	  well	  as	  to	  the	  nutritional	  value	  of	  grain	  and	  straw;	  and	  increased	  uses	  in	  
alternative	  food	  products.	  	  
Finger	  Millet	  [Eleusine	  coracana	  (L.)	  Gaertn]	  plays	  an	  important	  role	  in	  both	  the	  dietary	  needs	  and	  
incomes	  of	  many	  rural	  households	  in	  Eastern	  and	  Southern	  Africa	  and	  South	  Asia,	  accounting	  for	  
10%	  of	  38-­‐50	  million	  hectares	  sown	  to	  all	  the	  types	  of	  millet	  globally.	  Finger	  millet	  is	  rich	  in	  fiber,	  
iron	  and	  calcium	  (containing	  40	  times	  more	  calcium	  than	  maize	  and	  rice,	  and	  10	  times	  more	  than	  
wheat).	  It	  is	  the	  most	  important	  small	  millet	  in	  the	  tropics	  (where	  12%	  of	  the	  global	  millet	  area	  is	  
found)	  and	  is	  cultivated	  in	  more	  than	  25	  countries	  in	  Africa	  (eastern	  and	  southern)	  and	  Asia	  (from	  
the	  Near	  East	  to	  the	  Far	  East),	  predominantly	  as	  a	  staple	  food	  grain.	  The	  major	  producers	  are	  
Uganda,	  Ethiopia,	  India,	  Nepal	  and	  China.	  	  
Finger	  millet	  has	  high	  yield	  potential	  (more	  than	  10	  t/ha	  under	  optimum	  irrigated	  conditions)	  and	  its	  
grain	  stores	  very	  well.	  Still,	  like	  most	  so-­‐called	  small	  millets,	  finger	  millet	  is	  grown	  mainly	  in	  marginal	  
environments	  as	  a	  rainfed	  crop	  with	  low	  soil	  fertility	  and	  limited	  moisture.	  Finger	  millet	  is	  originally	  
native	  to	  the	  Ethiopian	  highlands	  and	  was	  introduced	  into	  India	  approximately	  4000	  years	  ago.	  It	  is	  
highly	  adapted	  to	  higher	  elevations	  and	  is	  grown	  in	  the	  Himalayan	  foothills,	  and	  East	  Africa	  highlands	  
up	  to	  2300	  masl.	  	  
Major	  constraints	  to	  finger	  millet	  production	  include	  blast	  disease,	  the	  parasitic	  weed	  Striga,	  and	  
abiotic	  stresses	  such	  as	  drought	  and	  low	  soil	  fertility.	  
Figure	  A1-­‐2.	  Barley	  constraints	  and	  factors	  affecting	  
productivity	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Opportunities	  to	  be	  explored	  include	  the	  application	  of	  genetic	  male-­‐sterility	  as	  a	  breeding	  tool	  (to	  
make	  it	  easier	  to	  produce	  full-­‐sib,	  F1	  and	  BCnF1	  crosses)	  to	  facilitate	  recurrent	  selection	  to	  develop	  
broad-­‐based	  and	  more	  durable,	  host-­‐plant	  resistance	  to	  blast,	  and	  to	  produce	  backcross	  F1	  
generations	  that	  are	  large	  enough	  to	  permit	  exploitation	  of	  background	  selection	  to	  hasten	  recovery	  
of	  elite	  recurrent	  parent	  background	  in	  breeding	  programs	  targeting	  value	  addition	  to	  farmer-­‐	  and	  
market-­‐preferred	  finger	  millet	  varieties.	  
Pearl	  millet	  [Pennisetum	  glaucum	  
(L.)	  R.	  Br.]	  is	  the	  world’s	  hardiest	  
warm	  season	  cereal	  crop.	  It	  can	  
survive	  even	  on	  the	  poorest	  soils	  
of	  the	  driest	  regions,	  on	  highly	  
saline	  soils	  and	  in	  the	  hottest	  
climates.	  It	  is	  annually	  grown	  on	  
more	  than	  29	  million	  hectares	  
across	  the	  arid	  and	  semi-­‐arid	  
tropical	  and	  sub-­‐tropical	  regions	  
of	  Asia,	  Africa	  and	  Latin	  America	  
(Figure	  1-­‐2).	  Pearl	  millet	  is	  the	  
staple	  food	  of	  more	  than	  90	  
million	  people	  who	  live	  in	  the	  
drier	  areas	  of	  Africa	  and	  Asia,	  
where	  its	  stover	  is	  also	  a	  valued	  
fodder	  resource.	  This	  crop	  is	  principally	  used	  for	  feed	  and	  forage	  in	  the	  Americas,	  and	  as	  the	  mulch	  
component	  of	  conservation	  tillage	  soya	  production	  systems	  on	  acid	  soils	  in	  the	  sub-­‐humid	  and	  
humid	  tropics	  of	  Brazil.	  	  
Globally,	  production	  has	  increased	  during	  the	  past	  15	  years,	  primarily	  due	  to	  increased	  yields.	  India	  
is	  the	  largest	  single	  producer	  of	  pearl	  millet,	  both	  in	  terms	  of	  area	  (9.3	  million	  hectares)	  and	  
production	  (8.3	  million	  tons).	  Compared	  to	  the	  early	  1980s,	  the	  country’s	  pearl	  millet	  area	  has	  
declined	  by	  19%,	  but	  production	  increased	  by	  28%	  owing	  to	  a	  64%	  increase	  in	  productivity	  (from	  
about	  450	  kg/ha	  to	  870	  kg/ha	  in	  2005-­‐07).	  This	  has	  been	  largely	  due	  to	  adoption	  of	  high-­‐yielding	  
hybrids,	  mostly	  cultivated	  in	  areas	  receiving	  more	  than	  400	  mm	  of	  rainfall	  annually.	  During	  the	  past	  
ten	  years,	  33	  hybrids	  developed	  both	  by	  public	  and	  private	  sector	  breeding	  programs,	  and	  13	  open-­‐
pollinated	  varieties	  (OPVs)	  developed	  by	  the	  public	  sector,	  have	  been	  officially	  released	  in	  India.	  In	  
more	  favorable	  pearl	  millet	  production	  regions	  of	  India,	  the	  private	  sector	  is	  now	  a	  dominant	  force	  
in	  hybrid	  development	  and	  seed	  delivery.	  Besides	  official	  releases,	  the	  private	  sector	  also	  markets	  
what	  is	  called	  ‘truthfully	  labeled’	  hybrid	  seed,	  and	  there	  are	  now	  more	  truthfully-­‐labeled	  hybrids	  
under	  cultivation	  than	  the	  unofficially	  released	  hybrids.	  A	  survey	  conducted	  in	  2006	  found	  that,	  of	  
the	  more	  than	  82	  hybrids	  (by	  name)	  marketed	  by	  private	  seed	  companies	  and	  cultivated	  on	  about	  4	  
million	  hectares,	  at	  least	  60	  hybrids	  were	  based	  on	  ICRISAT-­‐bred	  male-­‐sterile	  lines,	  or	  on	  proprietary	  
male-­‐sterile	  lines	  developed	  from	  ICRISAT-­‐bred	  materials	  (Mula	  et	  al.	  2007).	  	  
The	  West	  and	  Central	  Africa	  (WCA)	  region	  has	  the	  largest	  area	  under	  millets	  in	  Africa	  (15.7	  million	  
hectares),	  of	  which	  more	  than	  90%	  is	  pearl	  millet.	  Since	  1982,	  the	  millet	  area	  in	  WCA	  has	  increased	  
by	  over	  90%,	  and	  productivity	  by	  has	  risen	  by	  12%	  (up	  from	  800	  to	  900	  kg/ha).	  Production	  has	  
increased	  by	  about	  130%	  (up	  from	  6.1	  to	  14.1million	  tons),	  most	  of	  which	  has	  come	  from	  increases	  
in	  cultivated	  area.	  Research	  in	  WCA	  has	  concentrated	  on	  OPV	  development,	  although	  hybrids	  in	  
WCA	  are	  likely	  to	  have	  a	  significant	  grain	  yield	  advantage	  over	  OPVs.	  Eighteen	  OPVs,	  developed	  by	  
ICRISAT	  in	  partnership	  with	  NARS,	  have	  been	  released	  and	  adopted	  in	  nine	  countries	  in	  the	  region.	  
Because	  some	  of	  these	  OPVs	  were	  released	  under	  different	  names	  in	  more	  than	  one	  country,	  a	  total	  
of	  34	  improved	  varieties	  by	  name	  have	  been	  released	  in	  the	  region.	  For	  instance,	  the	  most	  popular	  
improved	  OPV,	  SOSAT-­‐C88,	  has	  been	  released	  in	  six	  countries,	  while	  another	  popular	  improved	  OPV,	  
Figure	  A1-­‐3.	  Global	  harvested	  area	  for	  millet	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GB	  8735,	  has	  been	  released	  in	  four.	  Lack	  of	  seed	  production	  in	  the	  region,	  however,	  is	  a	  major	  
bottleneck	  in	  the	  spread	  of	  improved	  cultivars	  –	  and	  is	  the	  primary	  reason	  that	  breeding	  research	  in	  
this	  region	  has	  to	  date	  focused	  more	  on	  OPVs	  than	  hybrid	  cultivars	  although	  fresh	  seed	  of	  both	  OPVs	  
and	  hybrids	  should	  be	  purchased	  for	  sowing	  each	  season.	  
In	  Eastern	  and	  Southern	  Africa	  (ESA),	  pearl	  millet	  is	  cultivated	  on	  about	  2	  million	  hectares.	  Sixteen	  
OPVs	  have	  been	  released	  in	  10	  countries	  in	  the	  region,	  and	  in	  a	  few	  of	  them	  –	  such	  as	  Eritrea,	  
Namibia,	  Tanzania	  and	  Kenya	  –	  smallholder	  adoption	  has	  been	  very	  promising.	  Still,	  as	  in	  WCA,	  a	  lack	  
of	  commercial	  seed	  production	  and	  distribution	  continues	  to	  be	  the	  major	  bottleneck	  in	  the	  spread	  
of	  improved	  OPVs.	  	  
Besides	  being	  highly	  adapted	  to	  abiotic	  stresses,	  such	  as	  heat,	  drought,	  high	  levels	  of	  soil	  aluminum	  
saturation	  and	  low	  levels	  of	  soil	  macro-­‐	  and	  micronutrients,	  pearl	  millet	  has	  been	  found	  to	  be	  highly	  
responsive	  to	  improved	  management.	  For	  instance,	  when	  cultivated	  as	  an	  irrigated	  summer	  season	  
crop	  under	  intensive	  management	  conditions	  in	  parts	  of	  India,	  hybrids	  of	  80-­‐85	  day	  duration	  give	  
grain	  yields	  as	  high	  as	  4-­‐5	  t/ha	  of	  grain	  yield.	  Pearl	  millet	  is	  a	  highly	  nutritious	  cereal	  with	  high	  
protein	  content	  (11-­‐12%	  with	  a	  better	  amino	  acid	  profile	  than	  maize,	  sorghum,	  wheat	  and	  rice)	  and	  
high	  grain	  iron	  contents	  (60-­‐65	  ppm	  iron	  in	  improved	  varieties	  and	  more	  than	  80	  ppm	  iron	  in	  
germplasm	  and	  breeding	  lines).	  High	  levels	  of	  dietary	  fiber	  with	  gluten-­‐free	  proteins,	  and	  phenolic	  
compounds	  with	  antioxidant	  properties	  further	  add	  to	  its	  health	  value.	  Research	  has	  shown	  the	  
effectiveness	  of	  various	  processing	  and	  food	  products	  technologies	  to	  produce	  alternative	  and	  
health	  foods.	  These	  can	  be	  validated	  for	  their	  commercialization	  potential,	  and	  fine-­‐tuned	  where	  
needed,	  or	  new	  technologies	  developed.	  
Major	  constraints	  to	  pearl	  millet	  production	  include	  diseases	  such	  as	  downy	  mildew	  and	  blast,	  the	  
parasitic	  weed	  Striga,	  and	  abiotic	  stresses	  such	  as	  drought,	  soil	  salinity,	  and	  high	  temperatures	  
during	  seedling	  establishment	  and	  flowering	  time.	  	  
Opportunities	  to	  be	  explored	  include:	  the	  increased	  interest	  in	  hybrids	  in	  Africa	  building	  on	  past	  
successes	  in	  India	  and	  on	  the	  initial	  heterotic	  grouping	  of	  pearl	  millet	  landraces	  accomplished	  in	  
West	  Africa;	  high	  levels	  of	  micronutrients	  (iron	  and	  zinc);	  increased	  use	  for	  alternative	  food	  
products,	  feed,	  and	  fodder;	  and	  the	  availability	  of	  genetic	  and	  genomic	  tools	  for	  identification	  and	  
deployment	  of	  favorable	  alleles	  at	  genes	  contributing	  significantly	  to	  biotic	  stress	  resistances	  and	  
abiotic	  stress	  tolerances,	  and	  nutritional	  value	  of	  grain,	  green	  fodder	  and	  stover	  (including	  
micronutrients	  as	  well	  as	  anti-­‐nutritional	  factors	  such	  as	  phytate	  and	  flavones).	  Due	  to	  its	  superior	  
adaptation	  (compared	  to	  all	  other	  tropical	  cereals)	  to	  drought,	  soil	  salinity,	  soil	  acidity,	  and	  high	  
temperatures,	  not	  to	  mention	  its	  food,	  feed	  and	  fodder	  values,	  opportunities	  exist	  for	  pearl	  millet	  to	  
make	  inroads	  in	  new	  niches	  in	  Central	  Asia,	  the	  Middle-­‐East,	  Australia	  and	  the	  Americas	  where	  
preliminary	  trials	  have	  yielded	  encouraging	  results,	  especially	  with	  respect	  to	  its	  forage	  value.	  
Sorghum	  [Sorghum	  bicolor	  (L.)	  
Moench]	  is	  cultivated	  in	  the	  drier	  
areas	  of	  Africa,	  Asia,	  the	  Americas	  
and	  Australia.	  It	  is	  the	  fifth	  most	  
important	  cereal	  after	  rice,	  wheat,	  
maize	  and	  barley,	  and	  is	  the	  
dietary	  staple	  of	  more	  than	  500	  
million	  people	  in	  more	  than	  30	  
countries.	  It	  is	  grown	  on	  40.5	  
million	  hectares	  in	  98	  countries	  of	  
Africa,	  Asia,	  Oceania	  and	  the	  
Americas	  (Figure	  1-­‐3).	  Nigeria,	  
India,	  the	  USA,	  Mexico,	  Sudan,	  
China	  and	  Argentina	  are	  the	  major	  
Figure	  A1-­‐4.	  Global	  harvested	  area	  for	  sorghum	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producers.	  Other	  sorghum-­‐producing	  countries	  include	  Burkina	  Faso,	  Chad,	  Ethiopia,	  Gambia,	  
Ghana,	  Mali,	  Mauritania,	  Mozambique,	  Niger,	  Senegal,	  Somalia,	  Tanzania	  and	  Yemen.	  	  
Sorghum	  is	  a	  staple	  cereal	  in	  sub-­‐Saharan	  Africa,	  its	  primary	  center	  of	  genetic	  diversity.	  It	  is	  most	  
extensively	  cultivated	  in	  zones	  of	  600-­‐1000	  mm	  rainfall,	  although	  it	  is	  also	  important	  in	  the	  areas	  
with	  higher	  rainfall	  (up	  to	  1200	  mm),	  where	  poor	  soil	  fertility,	  soil	  acidity	  and	  aluminum	  toxicity	  are	  
common.	  Sorghum	  is	  extremely	  hardy	  and	  produces	  even	  under	  very	  poor	  soil	  fertility	  conditions	  
(where	  maize	  fails).	  The	  crop	  is	  adapted	  to	  a	  wide	  range	  of	  temperatures,	  including	  high	  elevations	  
in	  East	  Africa.	  It	  has	  good	  grain	  mold	  resistance	  and	  thus	  has	  a	  lower	  risk	  of	  contamination	  by	  
mycotoxins.	  The	  cultivated	  species	  is	  diverse,	  with	  five	  major	  races	  identified,	  many	  of	  them	  with	  
several	  subgroups.	  This	  reflects	  farmer	  selection	  pressure	  applied	  over	  millennia	  for	  adaptation	  to	  
diverse	  production	  conditions,	  from	  sandy	  desert	  soils	  to	  waterlogged	  inland	  valleys,	  growing	  to	  
maturity	  with	  only	  residual	  moisture,	  as	  well	  as	  in	  standing	  water.	  The	  grain	  is	  mostly	  used	  for	  food	  
purposes,	  consumed	  in	  the	  form	  of	  flat	  breads	  and	  porridges	  (thick	  or	  thin,	  with	  or	  without	  
fermentation).	  Sorghum	  grain	  has	  moderately	  high	  levels	  of	  iron	  (>	  40	  ppm)	  and	  zinc	  (>	  30	  ppm)	  with	  
considerable	  variability	  in	  landraces	  (iron	  >	  70	  ppm	  and	  zinc	  >50	  ppm)	  and	  can	  complement	  the	  
ongoing	  efforts	  on	  food	  fortification	  to	  reduce	  micronutrient	  malnutrition	  globally.	  In	  addition	  to	  
food	  and	  feed	  it	  is	  used	  for	  a	  wide	  range	  of	  industrial	  purposes,	  including	  starch	  for	  fermentation	  
and	  bio-­‐energy.	  Sorghum	  stover	  is	  a	  significant	  source	  of	  dry	  season	  fodder	  for	  livestock,	  
construction	  material	  and	  fuel	  for	  cooking.	  Sweet	  sorghum	  is	  emerging	  as	  a	  multi-­‐purpose	  crop	  and	  
can	  provide	  food,	  feed,	  fodder	  and	  fuel	  (ethanol),	  without	  significant	  trade-­‐offs	  among	  any	  of	  these.	  	  
Globally,	  sorghum	  production	  has	  remained	  more	  or	  less	  stable	  over	  the	  past	  30	  years,	  although	  
there	  are	  notable	  regional	  differences.	  Area	  of	  production	  has	  decreased	  overall,	  but	  has	  remained	  
essentially	  constant	  during	  the	  past	  five	  years	  on	  a	  global	  basis.	  West	  Africa,	  which	  produces	  roughly	  
25%	  of	  the	  world’s	  sorghum,	  has	  seen	  a	  steady	  increase	  in	  total	  production	  over	  the	  past	  25	  years.	  
Most	  of	  the	  increase	  up	  to	  1995	  is	  attributed	  to	  increases	  in	  area,	  although	  productivity	  increases	  
also	  contributed;	  after	  1995,	  yield	  increases	  explain	  most	  of	  the	  rise	  in	  sorghum	  production	  in	  the	  
region.	  Recent	  global	  trends	  also	  show	  both	  grain	  yield	  and	  production	  increases.	  These	  gains	  may	  
reflect	  increased	  use	  of	  improved	  varieties,	  better	  crop	  management	  practices	  (such	  as	  fertilizer	  
micro-­‐dosing),	  as	  well	  as	  increased	  demand	  due	  to	  population	  growth	  and	  higher	  world	  prices	  for	  
major	  cereals.	  The	  yields	  of	  post-­‐rainy	  season	  sorghum	  have	  steadily	  increased	  in	  India,	  and	  are	  in	  
demand	  for	  their	  superior	  grain	  and	  stover	  quality.	  	  
Major	  constraints	  to	  sorghum	  production	  include	  shoot	  fly,	  stem	  borer,	  head	  bug	  and	  aphid	  insect	  
pests;	  grain	  mold	  and	  charcoal	  rot	  diseases;	  weed	  competition	  and	  the	  parasitic	  plant	  Striga	  (in	  
Africa);	  and	  abiotic	  stresses	  such	  as	  drought	  (especially	  terminal	  drought),	  high	  temperatures,	  acid	  
soils	  (resulting	  in	  high	  levels	  of	  aluminum	  saturation)	  and	  low	  soil	  fertility	  (in	  terms	  of	  both	  
macronutrients	  like	  nitrogen	  and	  phosphorus,	  as	  well	  as	  micronutrients	  such	  as	  iron	  and	  zinc).	  
Opportunities	  to	  be	  pursued	  include:	  creating	  hybrids	  to	  increase	  yields	  for	  a	  wider	  range	  of	  
production	  systems	  in	  Africa,	  building	  on	  successes	  in	  India,	  Mali	  and	  elsewhere;	  and	  new,	  improved	  
plant	  types	  for	  “dual	  purpose”	  sorghums	  for	  grain,	  feed	  and	  fodder	  uses	  that	  would	  increase	  the	  
value	  of	  the	  crop.	  These	  new	  sorghum	  types	  would	  strengthen	  the	  integration	  of	  animal	  husbandry	  
with	  crop	  production,	  resulting	  in	  higher	  and	  more	  stable	  incomes	  while	  improving	  soil	  health	  
through	  increased	  organic	  matter	  cycling.	  The	  availability	  of	  the	  full	  genome	  sequence	  and	  other	  
genetic	  and	  genomic	  tools	  will	  enable	  efficient	  use	  of	  the	  crop’s	  rich	  genetic	  diversity	  for	  the	  
improvement	  of	  sorghum	  and	  other	  cereals.	  This	  will	  facilitate	  the	  identification	  and	  transfer	  of	  
favorable	  alleles	  for	  stress	  tolerance	  (such	  as	  phosphorus	  efficiency,	  aluminum	  toxicity	  and	  terminal	  
drought),	  product	  quality	  (micronutrient	  content,	  digestibility	  and	  industrial	  qualities)	  and	  superior	  
agronomic	  performance.	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APPENDIX	  2.	  DRYLAND	  CEREAL	  PRODUCTION,	  PRODUCTIVITY	  AND	  POVERTY	  DATA	  FOR	  COUNTRIES	  IN	  TARGETED	  REGIONS	  
(Dryland	  Cereals	  targeted	  countries	  for	  each	  crop	  are	  shaded	  in	  brown)	  
	  
Western	  and	  Central	  Africa1	  
Country	  









































Angola	   0	   0.0	   0	   -­‐	   151	   0.3	   50,707	   389	   0	   0	   7,582	   -­‐	   58,289	   0.4%	   4	   551	  
Benin	   0	   0.0	   0	   -­‐	   38	   0.8	   345,911	   313	   134	   0.9	   1,214,535	   308	   1,251,364	   21.5%	   7	   237	  
Burkina	  Faso	   0	   0.0	   0	   -­‐	   1,398	   0.8	   8,969,480	   362	   1,846	   1.0	   9,438,748	   367	   9,992,356	   79.3%	   55	   263	  
Cameroon	   0	   0.0	   0	   -­‐	   51	   1.3	   26,788	   155	   675	   1.4	   2,232,045	   393	   2,232,977	   14.5%	   12	   279	  
Chad	   0	   0.0	   0	   -­‐	   971	   0.6	   1,935,820	   477	   832	   0.7	   2,785,190	   431	   3,642,249	   39.7%	   42	   410	  
Gambia	   0	   0.0	   0	   -­‐	   143	   1.0	   427,443	   343	   29	   1.1	   191,745	   401	   457,769	   53.0%	   43	   195	  
Ghana	   0	   0.0	   0	   -­‐	   181	   1.2	   2,603,650	   217	   265	   1.3	   2,811,613	   298	   2,856,862	   17.2%	   10	   179	  
Guinea	   0	   0.0	   0	   -­‐	   324	   0.8	   1,452	   149	   35	   1.2	   11,093	   328	   11,093	   0.1%	   13	   226	  
Mali	   0	   0.0	   0	   -­‐	   1,520	   0.9	   3,287,621	   442	   1,102	   1.1	   2,970,675	   460	   4,396,160	   34.4%	   41	   598	  
Mauritania	   0.5	   2.4	   0	   220	   11	   0.4	   0	   915	   205	   0.5	   174,771	   1001	   174,771	   6.0%	   56	   578	  
Niger	   0	   0.0	   0	   -­‐	   6,865	   0.5	   9,756,060	   592	   2,974	   0.4	   8,410,746	   661	   9,756,590	   76.1%	   66	   409	  
Nigeria3	   0	   0.0	   0	   -­‐	   4,134	   1.4	   40,000,340	   166	   5,697	   1.1	   50,236,285	   373	   51,053,799	   46.6%	   29	   260	  
Senegal	   0	   0.0	   0	   -­‐	   989	   0.7	   3,541,110	   468	   221	   0.9	   2,204,586	   467	   3,864,770	   49.0%	   31	   189	  
Togo	   0	   0.0	   0	   -­‐	   72	   0.7	   1,191,860	   252	   218	   1.1	   1,133,045	   309	   1,630,277	   38.4%	   13	   199	  
TOTAL	  WCA	   0.5	   -­‐	   0	   -­‐	   16,848	   -­‐	   72,138,242	   -­‐	   14,233	   -­‐	   83,822,659	   -­‐	   91,379,326	   -­‐	   -­‐	   -­‐	  
1	  Area	  and	  yield	  statistics	  represent	  FAOSTAT	  averages	  from	  2008-­‐2010	  (http://faostat.fao.org).	  Poverty	  values	  were	  extracted	  from	  HarvestChoice	  datasets.	  Travel	  time	  to	  market	  statistics	  was	  extracted	  from	  datasets	  at	  the	  Generation	  Challenge	  
Program	  Priority	  Setting	  Homepage	  (http://sites.google.com/site/gcpprioritysetting/).	  
2	  In	  WCA	  the	  predominant	  millet	  is	  pearl	  millet.	  
3	  The	  millet	  yield	  data	  for	  Nigeria	  is	  based	  on	  information	  provided	  by	  FAOSTAT.	  Our	  expert	  opinion	  suggests	  that	  these	  values	  are	  likely	  to	  be	  overestimates.	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Eastern	  and	  Southern	  Africa1	  
Country	  





































Eritrea	   48	   0.8	   5,450	   400	   65	   0.2	   9,898	   220	   252	   0.3	   26,005	   956	   30,478	   0.7%	   53	   244	  
Ethiopia	   1,030	   1.5	   7,357,517	   220	   392	   1.4	   6,253,350	   231	   1,589	   1.7	   12,272,231	   206	   23,032,915	   34.4%	   22	   551	  
Kenya	   17	   2.9	   17,691	   200	   86	   0.6	   927,810	   373	   168	   0.6	   272,892	   378	   1,214,883	   4.5%	   5	   384	  
Mozambique	   0	   0.0	   0	   -­‐	   93	   0.4	   2,906	   382	   519	   0.6	   1,558,342	   225	   1,558,342	   8.7%	   12	   539	  
Namibia	   0	   0.0	   0	   -­‐	   235	   0.2	   215,893	   424	   17	   0.3	   61,310	   480	   215,893	   14.4%	   32	   643	  
Rwanda	   0	   0.0	   0	   -­‐	   6	   1.2	   138,629	   -­‐	   141	   1.1	   5,925,477	   191	   5,925,477	   74.0%	   11	   400	  
Somalia	   0	   0.0	   0	   -­‐	   0	   0.0	   0	   -­‐	   365	   0.2	   1,000	   1155	   1,000	   0.0%	   36	   552	  
Sudan3	   0	   0.0	   0	   -­‐	   2,235	   0.3	   3,201	   270	   6,294	   0.6	   2,380	   346	   4,528	   0.0%	   42	   425	  
Tanzania	   2	   1.8	   0	   200	   317	   0.7	   1,112,248	   333	   861	   0.9	   7,324,267	   228	   7,343,826	   19.8%	   12	   493	  
Uganda	   0	   0.0	   0	   -­‐	   459	   0.8	   8,843,740	   213	   327	   1.5	   7,379,523	   302	   9,457,815	   38.8%	   12	   333	  
Zimbabwe	   12	   5.2	   0	   50	   212	   0.2	   337	   395	   289	   0.3	   15,212	   399	   25,212	   0.2%	   12	   342	  
TOTAL	  ESA	   1,109	   -­‐	   7,380,658	   	   4,100	   -­‐	   17,508,012	   	   10,822	   -­‐	   34,838,639	   -­‐	   48,810,369	   -­‐	   -­‐	   -­‐	  
1	  Area	  and	  yield	  statistics	  represent	  FAOSTAT	  averages	  from	  2008-­‐2010	  (http://faostat.fao.org).	  Poverty	  values	  were	  extracted	  from	  HarvestChoice.	  Travel	  time	  to	  market	  statistics	  was	  extracted	  from	  datasets	  at	  the	  Generation	  Challenge	  Program	  
Priority	  Setting	  Homepage	  (http://sites.google.com/site/gcpprioritysetting/).	  
2	  In	  ESA	  the	  predominant	  millet	  is	  pearl	  millet	  except	  in	  Uganda	  and	  Ethiopia	  where	  the	  predominant	  millet	  is	  finger	  millet.	  In	  Tanzania	  the	  ratio	  of	  millets	  is	  1:1	  pearl	  millet	  to	  finger	  millet.	  
3	  Includes	  both	  Sudan	  and	  South	  Sudan.	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Northern	  Africa1	  
Country	  












































Algeria	   896	   1.4	   1,157,747	   300	   0	   0.0	   0	   -­‐	   0	   0.0	   0	   -­‐	   1,157,747	   4%	   12	   490	  
Egypt	   86	   1.6	   63,471	   300	   0	   0.0	   0	   -­‐	   145	   5.4	   3,969,273	   -­‐	   3,969,273	   14%	   8	   265	  
Libya	   199	   0.5	   0	   300	   6	   1.2	   0	   -­‐	   0	   0.0	   0	   -­‐	   0	   0	   12	   422	  
Morocco	   2,094	   1.2	   2,556,004	   300	   0	   0.0	   0	   -­‐	   12	   0.8	   87,890	   -­‐	   2,556,004	   10%	   26	   202	  
Tunisia	   328	   1.3	   439,825	   300	   0	   0.0	   0	   -­‐	   3	   0.3	   2,792	   -­‐	   442,617	   6%	   12	   333	  
TOTAL	   3603	   -­‐	   4,217,047	   -­‐	   6	   1	   0	   -­‐	   160	  
	  
1	   4,059,955	   -­‐	   8,125,641	   -­‐	   -­‐	   -­‐	  
1	  Area	  and	  yield	  statistics	  represent	  FAOSTAT	  averages	  from	  2008-­‐2010	  (http://faostat.fao.org).	  Poverty	  data	  was	  extracted	  from	  Harvest	  Choice.	  Travel	  time	  to	  market	  statistics	  was	  extracted	  from	  datasets	  at	  the	  Generation	  Challenge	  Program	  




Central	  and	  Western	  Asia1	  
Country	  












































Azerbaijan	   258	   2.3	   47,199	   200	   0	   0.8	   0	   -­‐	   0	   1.0	   0	   -­‐	   47,199	   1%	   14	   215	  
Iraq	   1,019	   0.7	   8,441	   400	   4	   0.8	   0	   -­‐	   3	   0.3	   0	   -­‐	   8,441	   0	   23	   182	  
Kazakhstan	   1,680	   1.2	   575,471	   200	   30	   0.8	   120,375	   -­‐	   0	   0.4	   0	   -­‐	   575,879	   5%	   7	   594	  
Kyrgyzstan	   126	   1.9	   197,730	   200	   0	   2.6	   0	   -­‐	   0	   0.7	   0	   -­‐	   197,730	   5%	   10	   694	  
Syria	   1,299	   0.5	   38,741	   400	   2	   1.3	   0	   -­‐	   2	   1.3	   0	   -­‐	   38,741	   0.2	   28	   156	  
Turkey	   2,903	   2.3	   3,093,438	   150	   3	   2.1	   0	   -­‐	   0	   5.1	   0	   -­‐	   3,093,438	   5%	   14	   170	  
Yemen	   39	   0.8	   346,667	   400	   116	   0.7	   893,977	   -­‐	   458	   0.9	   3,429,658	   -­‐	   3,611,772	   19%	   52	   488	  
TOTAL	   7,324	   -­‐	   4,307,687	   	   155	   -­‐	   1,014,352	   -­‐	   463	   1	   3,429,658	   -­‐	   7,573,200	   -­‐	   -­‐	   -­‐	  
1	  Area	  and	  yield	  statistics	  represent	  FAOSTAT	  averages	  from	  2008-­‐2010	  (http://faostat.fao.org).	  Poverty	  data	  was	  extracted	  from	  Harvest	  Choice.	  Travel	  time	  to	  market	  statistics	  was	  extracted	  from	  datasets	  at	  the	  Generation	  Challenge	  Program	  
Priority	  Setting	  Homepage	  (http://sites.google.com/site/gcpprioritysetting/).	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Southern	  Asia1	  
Country	  








































Afghanistan	   259	   1.6	   8,668	   200	   10	   1.9	   0	   -­‐	   0	   0	   0	   -­‐	   8,668	   0.0%	   3	   519	  
India	   724	   2.1	   32,209,627	   150	   11,333	   0.9	   316,706,489	   175	   7,670	   0.9	   228,901,911	   113	   356,755,764	   40.7%	   12	   773	  
Iran	   1,443	   1.8	   1,376,280	   250	   16	   0.6	   0	   -­‐	   0	   0.0	   0	   -­‐	   1,376,280	   2%	   8	   202	  
Nepal	   26	   1	   0	   300	   266	   1.1	   8,409,060	   -­‐	   0	   0	   8,542	   -­‐	   8,409,060	   34.6%	   12	   782	  
Pakistan	   87	   0.9	   3,237,706	   300	   499	   0.6	   11,065,299	   -­‐	   244	   0.6	   11,702,695	   -­‐	   14,879,843	   10.9%	   4	   441	  
TOTAL	   2,539	   -­‐	   36,832,281	   	   12,124	   -­‐	   336,180,848	   -­‐	   7,914	   -­‐	   240,613,148	   -­‐	   381,429,615	   -­‐	   -­‐	   -­‐	  
1	  Area	  and	  yield	  statistics	  represent	  FAOSTAT	  averages	  from	  2008-­‐2010	  (http://faostat.fao.org).	  Poverty	  data	  was	  extracted	  from	  HarvestChoice.	  Travel	  time	  to	  market	  statistics	  was	  extracted	  from	  datasets	  at	  the	  Generation	  Challenge	  Program	  
Priority	  Setting	  Homepage	  (http://sites.google.com/site/gcpprioritysetting/).	  
2	  In	  SA,	  the	  predominant	  millet	  is	  pearl	  millet	  except	  in	  India	  (see	  following	  table	  for	  data	  on	  pearl	  millet	  and	  finger	  millet	  in	  selected	  states).	  
	  
	  
Selected	  States	  of	  India1	  





















































Andhra	  Pradesh	   143	   1.4	   -­‐	   188	   1.4	   -­‐	   74	   1.2	   -­‐	   55	   1.3	   0	   0	   57,917	   6,470	   43%	   12%	   240	  
Gujarat	   81	   1.4	   -­‐	   47	   0.9	   -­‐	   921	   1.4	   80	   22	   0.8	   0	   0	   33,276	   6,340	   52%	   15%	   350	  
Haryana	   86	   0.5	   -­‐	   0	   0	   -­‐	   630	   1.8	   61	   0	   0	   40	   3.0	   15,844	   2,140	   46%	   11%	   225	  
Karnataka	   303	   1.7	   -­‐	   1,079	   1.2	   31	   432	   0.8	   -­‐	   833	   1.8	   0	   0	   35,998	   7,500	   44%	   32%	   180	  
Maharashtra	   1,271	   1.5	   113	   2,877	   0.7	   100	   1,283	   0.8	   175	   128	   0.9	   1	   1.0	   57,859	   17,110	   46%	   30%	   320	  
Rajasthan	   625	   0.6	   -­‐	   0	   0	   -­‐	   5,077	   0.8	   100	   0	   0	   249	   2.2	   46,713	   8,730	   44%	   33%	   415	  
Tamil	  Nadu	   213	   0.9	   -­‐	   70	   0.9	   -­‐	   60	   1.4	   -­‐	   94	   1.9	   0	   0	   33,483	   7,650	   31%	   15%	   -­‐	  
Uttar	  Pradesh	   211	   0.8	   -­‐	   0	   0	   -­‐	   856	   1.5	   53	   1	   1.0	   155	   2.1	   141,626	   47,300	   57%	   10%	   450	  
Uttarakhand	   0	   0	   -­‐	   0	   0	   -­‐	   0	   0	   -­‐	   128	   1.4	   24	   1.1	   6,668	   2,710	   44%	   10%	   -­‐	  
1	  Area	  and	  yield	  statistics	  were	  extracted	  from2007-­‐2008	  datasets	  at	  the	  Directorate	  of	  Economics	  and	  Statistics,	  Dept.	  of	  Agricultural	  Cooperation,	  ministry	  of	  Agriculture,	  Government	  of	  India	  (http://eands.dacnet.nic.in/).	  Rural	  Population	  and	  
poverty	  statistics	  are	  based	  on	  a	  report	  of	  the	  expert	  group	  that	  reviewed	  the	  methodology	  for	  estimating	  poverty,	  Government	  of	  India,	  Planning	  Commission,	  2009.	  
*	  Based	  on	  URP-­‐Consumption	  =	  Uniform	  Recall	  Period	  consumption	  in	  which	  the	  consumer	  expenditure	  data	  for	  all	  the	  items	  are	  collected	  from	  30-­‐day	  recall	  period.	  Source:	  Planning	  Commission,	  Government	  of	  India.	  	  
**	  Statistics	  of	  Women	  in	  India,	  National	  Institute	  of	  Public	  Cooperation	  and	  Child	  Development,	  2010	  
***	  Final	  Report	  on	  Planning	  Commission	  Project:	  Growth	  of	  Indian	  Agriculture:	  A	  District	  Level	  Study,	  2010	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APPENDIX	  3.	  TRENDS	  IN	  PRODUCTION,	  DEMAND	  AND	  CONSUMPTION	  	  
OF	  DRYLAND	  CEREALS	  IN	  TARGETED	  REGIONS	  
Historic	  trends	  in	  global	  demand	  for	  dryland	  cereals	  were	  estimated	  from	  production	  data.	  FAO	  figures	  for	  
‘consumption’	  are	  measured	  by	  summing	  supply	  (domestic	  production	  plus	  imports	  and	  changes	  in	  stocks)	  
and	   subtracting	   exports,	   livestock	   feed,	   seed,	   and	   storage	   and	   transport	   losses.	   We	   compared	   the	  
production	  and	  consumption	  trends	  for	  the	  dryland	  cereals	  in	  WCA,	  ESA	  and	  CWANA.	  The	  results	  showed	  a	  
very	   close	   match	   between	   consumption	   and	   production,	   which	   is	   expected	   since	   in	   these	   regions	   these	  
cereals	   are	   staple	   food	   crops	   and	   not	   exported.	   Therefore,	   growth	   in	   demand	   for	   dryland	   cereals	   was	  
estimated	  from	  production.	  	  
	  
Figure	  A3-­‐1.	  Global	  trends	  in	  production	  of	  dryland	  cereals,	  1980-­‐2010	  
	  
Table	  A3-­‐1.	  Annual	  compound	  production	  growth	  rates	  
Crop/Region	   1981-­‐90	   1991-­‐00	   2001-­‐10	   1981-­‐10	  
Sorghum	   	   	   	   	  
	  Global	   -­‐3%	   0%	   -­‐1%	   -­‐3%	  
	  WCA	   2%	   2%	   0%	   7%	  
	  ESA	   -­‐2%	   2%	   4%	   4%	  
	  SA	   0%	   -­‐1%	   -­‐1%	   -­‐5%	  
	  ROW	   -­‐4%	   -­‐1%	   -­‐2%	   -­‐5%	  
Millet	   	   	   	   	  
	  Global	   1%	   1%	   0%	   1%	  
	  WCA	   4%	   2%	   1%	   7%	  
	  ESA	   0%	   1%	   3%	   5%	  
	  SA	   0%	   2%	   0%	   1%	  
	  ROW	   2%	   -­‐2%	   -­‐2%	   -­‐3%	  
Barley	   	   	   	   	  
	  Global	   2%	   -­‐2%	   -­‐2%	   -­‐2%	  
	  CWANA	   2%	   -­‐2%	   1%	   1%	  
	  ESA	   1%	   0%	   3%	   4%	  
	  SA	   1%	   -­‐4%	   3%	   1%	  
	  ROW	   2%	   -­‐2%	   -­‐2%	   -­‐3%	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Figure	  A3-­‐2.	  Trends	  in	  production	  of	  dryland	  cereals	  by	  region,	  1980-­‐2010	  
Sources	  of	  supply	  growth,	  1980-­‐2010	  
We	  used	   FAO	  data	   for	   the	  period	   1980-­‐2010	   to	  determine	   the	   relative	   contributions	  of	   area	   and	   yield	   to	  
trends	  in	  production.	  	  
Table	  A3-­‐2.	  Annual	  compound	  area	  and	  yield	  growth	  rates	  
Crop/Region	  
Area	   Yield	  
1981-­‐90	   1991-­‐00	   2001-­‐10	   1981-­‐10	   1981-­‐90	   1991-­‐00	   2001-­‐10	   1981-­‐10	  
Sorghum	   	   	   	   	  
	   	   	   	  
	  WCA	   5%	   1%	   0%	   9%	   -­‐3%	   1%	   0%	   -­‐1%	  
	  SA	   -­‐1%	   -­‐2%	   -­‐2%	   -­‐7%	   1%	   2%	   2%	   2%	  
	  ESA	   -­‐1%	   2%	   2%	   3%	   0%	   0%	   2%	   1%	  
Millet	   	   	   	   	   	   	   	   	  
	  WCA	   5%	   1%	   1%	   7%	   -­‐1%	   1%	   0%	   0%	  
	  SA	   -­‐2%	   -­‐1%	   -­‐1%	   -­‐4%	   2%	   3%	   1%	   5%	  
	  ESA	   1%	   1%	   2%	   5%	   -­‐1%	   -­‐1%	   1%	   0%	  
Barley	   	   	   	   	   	   	   	   	  
	  CWANA	   3%	   -­‐2%	   0%	   1%	   -­‐1%	   0%	   1%	   1%	  
	  SA	   -­‐2%	   -­‐5%	   1%	   -­‐5%	   3%	   1%	   2%	   7%	  
	  ESA	   1%	   1%	   2%	   3%	   0%	   -­‐2%	   1%	   0%	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Figure	  A3-­‐3.	  Trends	  in	  area	  and	  yield	  of	  sorghum,	  by	  regions,	  1980-­‐2010	  
	   	  
Area:	  y	  =	  0.281x	  +	  7.290	  




























Area	  &	  Yield-­‐Sorghum-­‐WCA	  
WCA	  Area	  (million	  Ha)	   WCA	  Yield	  (Kg/Ha)	  
Area:	  y	  =	  -­‐0.340x	  +	  17.83	  




























Area	  &	  Yield-­‐Sorghum-­‐SA	  
SA	  Area	  (million	  Ha)	   SA	  Yield	  (Kg/Ha)	  
Area:	  y	  =	  0.039x	  +	  3.209	  



























Area	  &	  Yield-­‐Sorghum-­‐ESA	  
ESA	  Area	  (million	  Ha)	   ESA	  Yield	  (Kg/Ha)	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Figure	  A3-­‐4.	  Trends	  in	  area	  and	  yield	  of	  millets,	  by	  region,	  1980-­‐2010	  



































Area	  &	  Yield	  -­‐	  Millet-­‐WCA	  
WCA	  Area	  (million	  Ha)	   WCA	  Yield	  (Kg/Ha)	  
Area:	  y	  =	  -­‐0.232x	  +	  18.46	  






























Area	  &	  Yield-­‐Millet-­‐SA	  
SA	  Area	  (million	  Ha)	   SA	  Yield	  (Kg/Ha)	  
Area	  y	  =	  0.0216x	  +	  1.3431	  






























Area	  &	  Yield	  -­‐	  Millet	  -­‐	  ESA	  
ESA	  Area	  (million	  Ha)	   ESA	  Yield	  (Kg/Ha)	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Figure	  A3-­‐5.	  Trends	  in	  area	  and	  yield	  of	  barley,	  by	  region,	  1980-­‐2010	  
	  
Future	  demand	  in	  CRP	  regions	  
Projections	   for	   dryland	   cereals	   also	   suggest	   growing	   for	   these	   cereals	   in	   some	   CRP	   regions.	   Demand	  
projections	  were	  made	  using	  the	  IMPACT	  baseline	  model.	  This	  uses	  the	  FAO	  database	  for	  the	  period	  2000-­‐
2005	  to	  project	  trends	  to	  2050.	  Demand	  is	  specified	  as	  a	  function	  of	  growth	  in	  population,	  income	  per	  head,	  
and	   the	   income	   elasticity	   of	   demand	   for	   each	   crop.	   The	   IMPACT	  model	  was	   used	   to	   project	   demand	   for	  
sorghum	  and	  millets.	  Future	  demand	  for	  barley	  could	  not	  be	  estimated	  using	  the	  IMPACT	  model	  since	  this	  
Area	  y	  =	  22516x	  +	  1E+07	  






























Area	  &	  Yield-­‐Barley-­‐CWANA	  
CWANA	  Area	  (Ha)	   CWANA	  Yield	  (Kg/Ha)	  
Area:	  y	  =	  -­‐68610x	  +	  4E+06	  































Area	  &	  Yield-­‐Barley-­‐SA	  
SA	  Area	  (Ha)	   SA	  Yield	  (Kg/Ha)	  
Area	  y	  =	  10142x	  +	  929844	  





























Area	  &	  Yield-­‐Barley-­‐ESA	  
ESA	  Area	  (Ha)	   ESA	  Yield	  (Kg/Ha)	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crop	  is	  not	  specified	  separately	  but	  included	  in	  ‘other	  cereals’.	  The	  IMPACT	  model	  was	  used	  to	  project	  future	  
trends	  in	  total	  demand,	  per	  capita	  demand,	  and	  rural-­‐urban	  demand.	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Figure	  A3-­‐7.	  Trends	  in	  per	  capita	  food	  demand	  for	  sorghum	  and	  millets,	  2000-­‐2050	  
ESA	  y	  =	  0.0539x	  +	  10.355	  
WCA	  y	  =	  0.0961x	  +	  24.008	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  +	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  +	  24.965	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Figure	  A3-­‐8.	  Trends	  in	  per	  capita	  demand	  for	  sorghum	  and	  millets,	  urban	  and	  rural,	  2010-­‐2050	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Demand	  for	  Non-­‐food	  uses	  
We	  used	  the	  IMPACT	  model	  to	  estimate	  the	  share	  of	  each	  crop	  allocated	  to	  food	  and	  non-­‐food	  uses.	  Since	  
the	  IMPACT	  model	  uses	  FAO	  data,	  it	  follows	  the	  FAO	  classification	  that	  divides	  end-­‐uses	  into	  food,	  feed	  and	  
other	  (including	  brewing).	  The	  share	  allocated	  to	  each	  in	  the	  IMPACT	  model	  is	  based	  on	  estimates	  for	  2000-­‐5	  
(the	  base	  period	  for	  the	  model).	  To	  assess	  the	  degree	  to	  which	  demand	  was	  being	  driven	  by	  non-­‐food	  uses,	  
we	  compared	  end	  uses	  in	  the	  base	  period	  (2000-­‐05)	  and	  the	  end	  period	  (2045-­‐2050).	  
	  
Figure	  A3-­‐9.	  Trends	  in	  end	  use	  for	  sorghum	  and	  millets,	  2000-­‐2050,	  by	  region	  
	  
Demand	  and	  prioritization	  (Table	  A3-­‐3)	  
To	  align	  priority	  setting	  with	  demand,	  we	  compared	  the	  demand	  projections	  from	  the	  IMPACT	  model	  with	  
the	  other	  prioritization	  criteria.	  Since	  only	  one	  target	  country	  was	  prioritized	  in	  SA	  (India),	  the	  exercise	  was	  
done	  only	  for	  sorghum	  and	  millet	  in	  WCA	  and	  ESA.	  The	  shaded	  rows	  in	  Table	  2	  indicate	  a	  target	  country	  for	  
the	  CRP.	  The	  results	  show	  that:	  
Sorghum:	  The	  five	  target	  countries	  in	  WCA	  are	  also	  the	  five	  countries	  with	  the	  highest	  demand	  for	  sorghum.	  
In	  ESA,	  three	  of	  the	  four	  target	  countries	  are	  also	  the	  three	  countries	  with	  the	  highest	  demand	  for	  sorghum.	  
The	  exception	   is	  Mozambique,	  which	   is	  ranked	  fifth,	  below	  Uganda.	  Mozambique	  was	  selected	  because	  of	  







2000-­‐2005	   2045-­‐2050	   2000-­‐2005	   2045-­‐2050	   2000-­‐2005	   2045-­‐2050	  
WCA	   SA	   ESA	  
Changes	  in	  sorghum	  end	  use,	  2000-­‐2050	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  in	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  use,	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Millets:	   As	   with	   sorghum,	   the	   five	   target	   countries	   in	   WCA	   are	   also	   the	   five	   countries	   with	   the	   highest	  
demand	  for	  millets.	  In	  ESA,	  the	  two	  target	  countries	  are	  also	  the	  two	  countries	  with	  the	  highest	  demand	  for	  
millets.	  
The	   close	  alignment	  of	   the	  CRP	   target	   countries	  with	  demand	   is	  because	   sorghum	  and	  millets	   are	   staples	  
consumed	   within	   the	   region,	   so	   that	   demand	   is	   closely	   correlated	   with	   the	   area	   planted.	   Consequently,	  
countries	  that	  met	  the	  500,000	  ha	  criterion	  in	  terms	  of	  area	  planted	  were	  also	  the	  countries	  with	  the	  highest	  
demand.	  
Table	  A3-­‐3.	  Priority-­‐setting:	  Demand	  for	  sorghum	  and	  millets	  in	  target	  countries.	  	  
Country	  
Demand	  in	  2020	  (000	  t)	   Demand	  ranking	  
Millets	   Sorghum	   Millets	   Sorghum	  
Angola	   303	   0	   7	   14	  
Benin	   64	   256	   12	   9	  
Burkina	  Faso	   1733	   2053	   3	   2	  
Cameroon	   122	   576	   10	   6	  
Chad	   603	   793	   6	   5	  
Gambia	   157	   43	   9	   12	  
Ghana	   296	   510	   8	   7	  
Guinea	   16	   9	   13	   13	  
Mali	   1410	   1009	   4	   3	  
Mauritania	   12	   139	   14	   11	  
Niger	   3844	   939	   2	   4	  
Nigeria3	   8955	   11721	   1	   1	  
Senegal	   837	   268	   5	   8	  
Togo	   72	   247	   11	   10	  
TOTAL	  WCA	   18426	   18561	   	  	   	  	  
	  
Country	  
Demand	  in	  2020	  (000	  t)	   Demand	  ranking	  
Millets	   Sorghum	   Millets	   Sorghum	  
Eritrea	   59	   322	   9	   7	  
Ethiopia	   637	   2748	   3	   2	  
Kenya	   88	   181	   7	   9	  
Mozambique	   96	   549	   5	   5	  
Namibia	   90	   12	   6	   11	  
Rwanda	   8	   310	   11	   8	  
Somalia	   75	   351	   8	   6	  
Sudan3	   1054	   4894	   1	   1	  
Tanzania	   425	   1033	   4	   3	  
Uganda	   1040	   871	   2	   4	  
Zimbabwe	   42	   88	   10	   10	  
TOTAL	  ESA	   3614	   11359	   -­‐	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Comparing	  supply	  with	  demand	  	  
Supply	  projections	  based	  on	  expected	  changes	   in	  yield	  were	  estimated	  based	  on	  expert	  opinion.	  Based	  on	  
the	  estimates	  made	  by	  plant	  breeders	  and	  agronomists,	  we	  calculated	  (1)	  the	  additional	  yield	  expected	  from	  
crop	   improvement	   and	   from	   crop	  management	   and	   (2)	   the	   expected	   adoption	   rate	   for	   new	   technology.	  




Target	  countries:	  WCA:	  Burkina	  Faso,	  Mali,	  Niger,	  Nigeria.	  ESA:	  Ethiopia,	  Mozambique,	  Sudan,	  Tanzania.	  SA:	  India.	  
	  
	  
Target	  countries:	  WCA:	  Burkina	  Faso,	  Mali,	  Niger,	  Nigeria,	  Senegal.	  ESA:	  Sudan,	  Uganda.	  SA:	  India	  
Figure	  A3-­‐10.	  Comparison	  of	  supply	  projections	  and	  demand	  estimates	  from	  IMPACT	  model,	  	  
10-­‐year	  projection	  for	  CRP	  target	  countries	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APPENDIX	  4.	  CONSUMPTION	  TRENDS	  FOR	  DRYLAND	  CEREALS	  IN	  INDIA	  
All	  Cereals	  
The	  monthly	  per	  capita	  consumption	  of	  cereals	  (barley,	  finger	  and	  other	  small	  millets,	  maize,	  pearl	  
millet,	  rice,	  sorghum	  and	  wheat)	  is	  falling	  over	  time	  in	  both	  urban	  and	  rural	  areas	  (Figures	  1	  and	  2).	  
The	  fall	  is	  most	  drastic	  in	  high	  and	  medium	  income	  groups	  compared	  with	  low	  income	  groups	  in	  
rural	  India.	  Thus,	  in	  rural	  areas	  the	  market	  for	  cereals	  exists	  predominantly	  with	  low	  income	  groups.	  
In	  urban	  aras,	  the	  fall	  in	  monthly	  per	  capita	  consumption	  of	  cereals	  is	  most	  apparent	  for	  high	  and	  
medium	  income	  groups.	  Thus,	  the	  pattern	  of	  fall	  in	  cereal	  consumption	  in	  rural	  and	  urban	  India	  is	  
similar,	  and	  the	  fall	  in	  consumption	  is	  relatively	  higher	  for	  the	  high	  income	  group	  in	  both	  urban	  and	  
rural	  India.	  	  
	  
Source:	  Computed	  by	  using	  NSSO	  household	  MPEC	  database,	  various	  rounds,	  NSSO,	  New	  Delhi	  
	  
Barley	  
The	  monthly	  per	  capita	  consumption	  of	  barley	  has	  fallen	  in	  rural	  area,	  but	  has	  risen	  in	  urban	  areas	  
(Figures	  3	  and	  4).	  In	  2009,	  the	  per	  capita	  consumption	  is	  the	  same	  for	  all	  the	  three	  income	  groups.	  In	  
urban	  India,	  the	  consumption	  of	  barley	  has	  increased	  since	  2004	  across	  the	  three	  income	  groups.	  
The	  per	  capita	  consumption	  is	  higher	  for	  the	  low	  income	  group	  followed	  by	  medium	  and	  high	  
income	  groups.	  	  
	  
Source:	  Computed	  by	  using	  NSSO	  household	  MPEC	  database,	  various	  rounds,	  NSSO,	  New	  Delhi	  
	  
Finger	  millet	  
Monthly	  per	  capita	  consumption	  of	  finger	  millet	  has	  fallen	  in	  rural	  India	  over	  time	  from	  1993	  to	  2009	  
(Figure	  5).	  Consumption	  levels	  in	  rural	  India	  are	  almost	  the	  same	  for	  low	  and	  high	  income	  groups.	  In	  
urban	  India,	  the	  monthly	  per	  capita	  consumption	  has	  risen	  for	  medium	  income	  groups,	  and	  since	  
1999	  has	  started	  to	  rise	  for	  low	  income	  groups	  (Figure	  6).	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Source:	  Computed	  by	  using	  NSSO	  household	  MPEC	  database,	  various	  rounds,	  NSSO,	  New	  Delhi	  
	  
Among	  the	  dryland	  cereals	  –	  sorghum,	  pearl	  millet	  and	  barley	  –	  the	  only	  millet	  which	  has	  
experienced	  a	  rise	  in	  the	  monthly	  per	  capita	  consumption	  is	  finger	  millet	  in	  both	  low	  and	  medium	  
income	  groups	  in	  urban	  areas.	  Thus,	  it	  seems	  that	  finger	  millet	  is	  becoming	  more	  popular	  in	  urban	  
areas.	  
Pearl	  millet	  and	  Sorghum	  
Irrespective	  of	  income	  group	  (low,	  medium,	  high)	  and	  location	  (rural,	  urban),	  the	  monthly	  per	  capita	  
consumption	  of	  sorghum	  and	  pearl	  millet	  has	  fallen	  in	  India	  over	  the	  past	  twenty	  years	  (Figures	  7-­‐
10).	  The	  fall	  in	  sorghum	  consumption	  is	  most	  evident	  in	  the	  low	  income	  group	  compared	  with	  
medium	  and	  high	  income	  groups	  in	  both	  rural	  and	  urban	  areas.	  In	  the	  rural	  areas,	  the	  monthly	  per	  
capita	  consumption	  for	  low	  income	  group	  was	  similar	  with	  that	  of	  high	  income	  group	  from	  1999	  
onwards.	  	  
	  
For	  pearl	  millet,	  the	  monthly	  per	  capita	  consumption	  has	  fallen	  over	  time	  across	  low,	  medium	  and	  
high	  income	  groups	  in	  rural	  areas.	  The	  monthly	  per	  capita	  consumption	  of	  pearl	  millet	  for	  low	  
income	  group	  in	  urban	  areas	  shows	  an	  erratic	  trend.	  The	  per	  capita	  consumption	  for	  low	  income	  
group	  families	  fell	  from	  1993	  to	  1999,	  rose	  from	  1999	  to	  2004	  and	  again	  fell	  from	  2004	  to	  2009	  to	  
the	  level	  of	  1999.	  The	  monthly	  per	  capita	  consumption	  is	  nevertheless	  highest	  for	  low	  income	  
groups	  in	  urban	  areas	  compared	  with	  medium	  and	  high	  income	  groups.	  In	  rural	  areas,	  the	  monthly	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Source:	  Computed	  by	  using	  NSSO	  household	  MPEC	  database,	  various	  rounds,	  NSSO,	  New	  Delhi	  
	  
This	  fall	  in	  consumption	  suggests	  that	  as	  real	  incomes	  rise	  over	  time,	  sorghum	  and	  pearl	  millet	  are	  
becoming	  inferior	  commodities.	  However,	  low	  income	  consumers	  in	  both	  urban	  and	  rural	  areas	  
remain	  the	  largest	  consumers	  of	  sorghum.	  In	  contrast,	  pearl	  millet	  is	  becoming	  an	  inferior	  good	  for	  
low	  and	  medium	  income	  consumers	  in	  rural	  areas	  compared	  with	  high	  income	  groups.	  
	  
Trends	  in	  major	  dryland	  cereal	  production	  states	  of	  India	  
We	  also	  analyzed	  the	  trends	  for	  the	  states	  of	  Maharashtra,	  Gujarat,	  Rajasthan,	  Haryana,	  Uttar	  
Pradesh,	  Karnataka	  and	  Andhra	  Pradesh,	  which	  dominate	  in	  the	  consumption	  of	  sorghum	  and	  
millets	  on	  a	  per	  capita	  basis	  (Figures	  11-­‐22).	  In	  rural	  Maharashtra,	  the	  monthly	  per	  capita	  
consumption	  of	  sorghum,	  pearl	  millet	  and	  finger	  millet	  is	  falling.	  The	  per	  capita	  consumption	  of	  
sorghum	  has	  fallen	  from	  around	  5	  kg	  per	  month	  in	  1993	  to	  2.5	  kg	  in	  2009,	  pearl	  millet	  from	  around	  1	  
kg	  to	  half	  a	  kg,	  and	  finger	  millet	  from	  around	  0.2	  kg	  to	  virtually	  zero.	  The	  trends	  are	  similar	  in	  Rural	  
Gujarat,	  Rajasthan,	  Uttar	  Pradesh	  and	  Haryana.	  The	  situation	  is	  no	  different	  in	  urban	  areas.	  
Considering	  the	  economic	  and	  nutritional	  contributions	  of	  the	  livestock	  sector	  to	  farm	  families	  in	  
India,	  the	  crop	  sector	  –	  especially	  dryland	  cereals	  –	  and	  livestock	  sector	  strongly	  complement	  each	  
other.	  Thus,	  a	  fall	  in	  the	  consumption	  of	  sorghum	  and	  millets	  in	  rural	  areas	  could	  have	  deleterious	  
effects	  on	  the	  supply	  of	  fodder	  for	  livestock,	  as	  more	  than	  90	  percent	  of	  the	  livestock	  fodder	  is	  from	  
the	  crop	  residues	  since	  farmers	  cannot	  afford	  to	  cultivate	  crops	  specifically	  for	  fodder	  purposes.	  	  
The	  reduction	  in	  the	  dryland	  cereal	  area	  and	  production	  in	  many	  parts	  of	  rural	  India	  are	  already	  
affecting	  the	  livestock	  population.	  There	  are	  prima	  facie	  indicators	  of	  decreasing	  population	  of	  large	  
ruminants	  and	  increasing	  population	  of	  small	  ruminants.	  This	  is	  a	  disturbing	  trend	  as	  this	  will	  result	  
in	  a	  predicament	  for	  the	  livestock	  sector	  in	  the	  villages	  since	  there	  is	  neither	  crop	  fodder	  for	  
ruminants	  nor	  adequate	  common	  property	  grazing	  lands	  to	  support	  sheep	  and	  goats.	  It	  is	  therefore	  
crucial	  that	  the	  sorghum	  and	  millet	  sector	  be	  supported	  by	  strong	  governmental	  policies	  and	  
programs,	  for	  both	  food	  and	  fodder.	  If	  this	  is	  neglected,	  farmers	  will	  suffer	  from	  a	  lack	  of	  income	  
from	  both	  the	  crop	  and	  livestock	  sectors.	  This,	  in	  turn,	  will	  seriously	  affect	  food	  security	  in	  rural	  and	  
urban	  areas	  of	  India.	  
	  






Source:	  Computed	  by	  using	  NSSO	  household	  MPEC	  database,	  various	  rounds,	  NSSO,	  New	  Delhi	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Reasons	  for	  declining	  per	  capita	  consumption	  of	  sorghum,	  pearl	  millet	  and	  finger	  millet	  	  
The	  major	  cereals,	  rice	  and	  wheat,	  have	  been	  distributed	  in	  public	  distribution	  system	  (PDS)	  at	  
subsidized	  prices	  for	  those	  who	  are	  below	  the	  poverty	  line	  (defined	  as	  the	  expenditure	  required	  to	  
buy	  food	  items	  worth	  2400	  calories	  per	  capita	  per	  day	  for	  rural	  areas	  and	  2100	  calories	  for	  urban	  
areas	  –	  currently	  less	  than	  USD1/day).	  This	  has	  severely	  affected	  the	  consumption	  pattern	  of	  
sorghum	  and	  millets,	  as	  the	  price	  of	  these	  coarse	  cereals	  is	  much	  higher	  compared	  to	  the	  subsidized	  
prices	  of	  rice	  and	  wheat.	  Thus,	  the	  PDS	  has	  been	  the	  major	  factor	  contributing	  to	  the	  decline	  in	  
consumption	  of	  sorghum	  and	  millet.	  
The	  consumption	  of	  sorghum	  and	  millets	  forms	  less	  than	  10	  percent	  of	  the	  consumption	  of	  cereals	  
in	  India	  and	  their	  per	  capita	  consumption	  is	  falling.	  This	  gives	  an	  indication	  that	  both	  cereals	  and	  
millets	  are	  becoming	  inferior	  goods.	  With	  the	  rural	  and	  urban	  expenditure	  elasticity	  for	  milk	  and	  
other	  livestock	  products	  estimated	  at	  over	  one,	  this	  is	  likely	  due	  to	  the	  increase	  in	  the	  use	  of	  of	  dairy	  
and	  animal	  sources	  of	  carbohydrates	  and	  protein	  in	  the	  diets	  of	  both	  rural	  and	  urban	  areas.	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APPENDIX	  5.	  ANALYSIS	  OF	  ADOPTION	  STUDIES	  FOR	  DRYLAND	  CEREALS	  
Table	  A5-­‐1	  summarizes	  information	  from	  18	  studies	  on	  adoption	  constraints	  for	  improved	  varieties	  
of	  dryland	  cereals.	  Adoption	  studies	  of	  improved	  crop	  management	  practices	  were	  much	  rarer	  and	  
have	  not	  been	  included	  in	  the	  analysis.	  The	  studies	  cover	  all	  regions	  and	  crops.	  The	  results	  need	  to	  
be	   interpreted	   carefully	   since	   the	   studies	   did	   not	   follow	   a	   common	  methodology	   and	   there	  may	  
have	  been	  differences	  in	  which	  questions	  were	  asked	  and	  how	  constraints	  were	  identified.	  	  
Table	  A5-­‐1.	  Adoption	  studies	  of	  improved	  varieties	  of	  dryland	  cereals	  
Region Country Crop Region Year Area (%) Source 
SA India Sorghum – rainy season National 2008 90 Pray and Nagarajan (2009) 
 India Sorghum – post-rainy season National 2008 20 Pray and Nagarajan (2009) 
WCA Burkina Faso Sorghum National 2010 3 Ndjeunga et al (2011) 
 Mali Sorghum National 2010 24 Ndjeunga et al (2011) 
 Niger Sorghum National 2010 2 Ndjeunga et al (2011) 
 Nigeria Sorghum National 2010 17 Ndjeunga et al (2011) 
 Senegal Sorghum National 2010 0 Ndjeunga et al (2011) 
ESA Botswana Sorghum National 1997 33 Deb et al (2004) 
 Malawi Sorghum National 2000 10 Deb et al (2004) 
 Mozambique Sorghum National 2000 5 Deb et al (2004) 
 Tanzania Sorghum National 1997 2 Deb et al (2004) 
 Tanzania Sorghum National 2002 36 Monyo et al (2002) 
 Tanzania Sorghum Central 2010 23 Schipmann et al (2012) 
 Sudan Sorghum National 1995/6 22 Deb et al (2004) 
 Zimbabwe Sorghum National  36 Deb et al (2004) 
 Ethiopia Sorghum Tigray 2001 8 Wubeneh & Sanders (2006) 
 Ethiopia Sorghum Haraghe 2002 8 Cavatassi et al (2010) 
 Zambia Sorghum National  35 Deb et al (2004) 
 Namibia Sorghum Northern region  1996/97 49 Rohrbach et al (1999) 
SA India Pearl Millet Five states 2006-08 65 
Kumaracharyulu and Bantilan 
(2011) 
WCA Burkina Faso Pearl Millet National 2010 2 Ndjeunga et al (2011) 
 Mali Pearl Millet National 2010 30 Ndjeunga et al (2011) 
 Niger Pearl Millet National 2010 15 Ndjeunga et al (2011) 
 Nigeria Pearl Millet National 2010 25 Ndjeunga et al (2011) 
 Senegal Pearl Millet National 2010 0 Ndjeunga et al (2011) 
ESA Botswana Pearl Millet National  30 Bantilan & Deb (2003) 
 Malawi Pearl Millet National 1999 7 Bantilan & Deb (2003) 
 Mozambique Pearl Millet National 1997 11 Bantilan & Deb (2003) 
 Tanzania Pearl Millet Central 2002 27 Monyo et al (2002)  
 Zimbabwe Pearl Millet National 1996 27 Bantilan & Deb (2003) 
 Zambia Pearl Millet National 1995 19 Bantilan & Deb (2003) 
CWANA Syria Barley Three AEZ 1998/99 27 Aw-Hassan et al (2008) 
 Syria Barley Hama and Al Raqqa provinces 2000/02 21 Shideed and El-Mourid (2005)  
 Iraq Barley National 1996 54 Shideed and El-Mourid (2005) 
 Jordan Barley North, middle, south 2000/01 67 Shideed and El-Mourid (2005) 
 Lebanon Barley Baalbek province NA 15-56 Shideed and El-Mourid (2005) 
 Libya Barley NA NA 12 Shideed and El-Mourid (2005) 
 Morocco Barley Khouribga and Settat provinces NA 40 Shideed and El-Mourid (2005) 
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To	   prioritize	   constraints,	   we	   identified	   the	   top	   2-­‐3	   constraints	   identified	   by	   each	   study.	   Each	  
constraint	   was	   then	   scored	   for	   importance,	   with	   the	  most	   important	   constraint	   scored	   as	   3.	   The	  
scores	  were	  then	  summed	  by	  region	  and	  by	  crop.	  	  
Table	  A5-­‐2.	  Adoption	  constraints	  for	  dryland	  cereals	  
Region Country Crop Region Year Key constraints Score Source 
SA India Pearl Millet hybrids Maharashtra  
Information 3 
Matuschke and 






Lack of irrigation 3 Ramasami et al 
(2000) Distance to markets 2 
 India Pearl millet hybrids   
Crop loss from 
downy mildew 3 
Breese et al 
(2002) 
Mula et al (2007) 
 India Pearl millet hybrids  2010 
Low yield 3 
HOPE Baseline 
Survey (2010) 
Long duration 2 
Low shelling 
recovery 1 
 India Post-rainy Sorghum   
Grain quality 3 Pray and 
Nagarajan (2009) Stover yield 2 
 India Post-rainy sorghum  2010 
Low yield 3 
HOPE Baseline 
Survey (2010) 
Long duration 2 
Pests and 
diseases 1 
WCA Nigeria Sorghum Kano, Katsina, Kaduna, Jigawa 
1996-
97 
Lack of seeds 3 Ogungbile et al 
(1998) Low soil fertility 2 
 Chad Sorghum   1994-95 
Bird damage  3 Yapi et al (1999) Lack of seed 2 
 Cameroon Sorghum   
Bird damage  3 Ndjomaha et al 
(1998) Low soil fertility 2 
Lack of seed 1 
 Mali Sorghum   
Lack of 
information 3 
Yapi et al (1998) Lack of seed 2 
Poor soil 1 
 WCA Sorghum, pearl millet   
Lack of seed 3 
Youssouf et al 
(2006) 
Lack of fertilizer 2 
Lack of 
information 1 
 WCA Pearl millet Burkina Faso, Mali, Niger, Nigeria  
Lack of 
information 3 Omanya et al 
(2007) Tradition 2 
Lack of seed 1 
ESA Tanzania Sorghum Kondoa, Singida 2010 
Lack of seed 3 Schipmann et al 
(2012) Pests and 
diseases 2 
 Tanzania Sorghum National 2000 
Bird damage 3 Monyo et al 
(2002) Pests and 
diseases 2 
 Ethiopia Sorghum Hareghe, Oromia region 1998/9 
Lack of seed 3 
McGuire (2002) Poor grain quality 2 
Less biomass for 
fuel and feed 1 
CWANA Syria Barley Three AEZ  
Low grain yield 3 
Shideed and El-
Mourid (2005) Frost damage 2 Low feed quality 1 
 Morocco Barley Khouribga and Settat provinces  
High price of 
certified seed 3 
Shideed and El-
Mourid (2005) Lack of seed 2 
Low straw yield 
and quality 1 
 Lebanon Barley Baalbek province  
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Table	  A5-­‐3	  prioritizes	  constraints	  on	  adoption,	  based	  on	  the	  sums	  of	  scores	  for	  each	  constraint.	  The	  
following	  observations	  can	  be	  made	  based	  on	  the	  results.	  
Table	  A5-­‐3.	  Prioritization	  of	  adoption	  constraints	  for	  dryland	  cereals	  (scores)	  
Constraint Sorghum Millets Barley All cereals 
 SA WCA+ESA SA WCA CWANA All regions 
Lack of seed  11 1 4 8 24 
Lack of information  3 3 4 2 12 
Low yield  3  3  3 9 
Bird damage  9    9 
Pests and diseases 1 4 3   8 
Low soil fertility  5  2  7 
Poor grain quality 3    2 5 
Poor straw yield/quality 2    3 5 
Lack of irrigation   3   3 
High price of seed     3 3 
Lack of markets   2   2 
‘Tradition’    2  2 
Long duration  2  2    
Lack of markets   2    
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Figure	  A5-­‐2.	  Farmers’	  trait	  preferences	  in	  South	  Asia	  (Source:	  HOPE	  Baseline	  Survey,	  2011)	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Source: Omanya, et al. (2007). 
 
Source: Rohrbach et al (1999). 
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APPENDIX	  6.	  DEMAND	  PROJECTIONS	  AND	  VALUE	  PROPOSITION	  
DEMAND	  FOR	  DRYLAND	  CEREALS	  
Demand	  for	  dryland	  cereals	  was	  estimated	  using	  the	  International	  Model	  for	  Policy	  Analysis	  of	  
Agricultural	  Commodities	  and	  Trade	  (IMPACT)	  model	  developed	  by	  IFPRI.	  The	  model	  projects	  supply	  
and	  demand	  for	  major	  commodities	  over	  a	  50-­‐year	  period	  starting	  from	  a	  baseline	  in	  2000.	  The	  
model	  allows	  separate	  projections	  for	  sorghum	  and	  millet	  but	  not	  for	  barley,	  which	  is	  aggregated	  in	  
the	  ‘other	  commodities’	  that	  includes	  oats	  and	  rye.	  Demand	  for	  cereals	  is	  disaggregated	  into	  food	  
and	  feed	  demand.	  The	  main	  demand	  drivers	  in	  the	  model	  are	  population	  growth	  and	  GDP,	  both	  of	  
which	  are	  based	  on	  ‘medium’	  World	  Bank	  projections.	  
	  
Table	  A6-­‐1	  shows	  demand	  projections	  for	  the	  target	  countries,	  using	  the	  baseline	  IMPACT	  model.	  
The	  results	  show	  positive	  trends	  in	  demand	  for	  dryland	  cereals	  in	  all	  regions.	  In	  the	  baseline	  model,	  
between	  2000	  and	  2020,	  demand	  in	  our	  target	  countries	  is	  expected	  to	  grow	  from	  22	  to	  34	  million	  
mt	  for	  sorghum,	  and	  from	  22	  to	  29	  million	  mt	  for	  millet.	  Since	  the	  IMPACT	  model	  does	  not	  
disaggregate	  barley	  from	  other	  cereals,	  it	  was	  not	  possible	  to	  estimate	  predicted	  demand	  for	  barley.	  
However,	  barley	  is	  expected	  to	  share	  in	  the	  rising	  demand	  for	  other	  cereals.	  In	  our	  target	  countries,	  
barley	  is	  produced	  on	  13	  million	  ha	  leading	  to	  a	  production	  of	  24	  million	  mt.	  
	  
Table	  A6-­‐1.	  Demand	  projections	  for	  dryland	  cereals,	  2020	  (000	  mt)	  	  
from	  baseline	  IMPACT	  model	  
Region	  
Sorghum1	   Millet	  
2000	   2020	   2000	   2020	  
WCA	   8,388	   15,722	   9,243	   16,779	  
ESA	   5,914	   9,224	   1,770	   2,094	  
CWANA	   -­‐	   -­‐	   -­‐	   -­‐	  
SA	  (India)	   7,706	   8,818	   9,680	   10,379	  
Total	   22,008	   33,875	   20,693	   29,252	  
1All	  figures	  are	  for	  grain	  and	  exclude	  sorghum	  grown	  for	  forage	  in	  India	  
2Calculated	  based	  on	  percentage	  of	  barley	  within	  demand	  figures	  of	  
other	  cereals	  (barley,	  rye,	  oats)	  
	  
The	  IMPACT	  model	  can	  be	  used	  to	  indicate	  the	  likely	  long-­‐term	  trend	  in	  demand.	  Because	  the	  
IMPACT	  model	  takes	  account	  of	  own	  and	  cross	  price	  elasticity	  of	  different	  commodities,	  yield	  
growth	  rates,	  rainfall	  and	  other	  factors	  (e.g.,	  reductions	  due	  to	  water	  deficit,	  price	  of	  inputs	  like	  
labor	  and	  fertilizer)	  in	  projecting	  supply,	  its	  projections	  are	  not	  directly	  comparable	  with	  the	  
increases	  in	  supply	  projected	  in	  the	  CRP.	  The	  CRP	  estimates	  of	  increase	  in	  production	  (on	  which	  the	  
estimation	  of	  benefits	  is	  based)	  suggest	  that	  the	  CRP	  supply	  projection	  for	  sorghum	  is	  slightly	  below	  
predicted	  demand	  (32	  million	  mt	  versus	  34	  million	  mt).	  However,	  the	  CRP	  estimate	  for	  increase	  in	  
the	  supply	  of	  millet	  is	  above	  the	  predicted	  demand	  (34	  million	  mt	  versus	  29	  million	  mt).	  This	  is	  
mainly	  due	  to	  the	  CRP	  production	  estimate	  for	  India,	  and	  the	  introduction	  of	  improved	  hybrids	  of	  
pearl	  millet.	  In	  ESA,	  the	  increase	  in	  supply	  estimated	  by	  the	  CRP	  is	  below	  expected	  demand.	  No	  
comparison	  is	  possible	  for	  barley	  since	  it	  is	  grouped	  with	  other	  cereals.	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Table	  A6-­‐2.Projected	  increase	  in	  supply	  by	  2020,	  with	  DRYLAND	  CEREALS	  	  
technology	  change	  (000	  t)	  
Region	   Sorghum	   Millet	   Barley	  
WCA	   15,879	   17,733	   -­‐	  
ESA	   6,749	   2,101	   1774	  
CWANA	   -­‐	   -­‐	   210752	  
SA	  (India)	   9,271	   14,756	   1,713	  
Total	   31,899	   34,500	   14,239	  
	  
	  
Per	  capita	  demand	  for	  all	  cereals	  falls	  as	  incomes	  rise	  and	  consumers	  diversify	  diets	  into	  meat	  and	  
milk	  products.	  Within	  the	  cereals,	  per	  capita	  consumption	  of	  dryland	  cereals	  falls	  relatively	  faster	  
because	  rising	  incomes	  allow	  consumers	  to	  switch	  to	  preferred	  cereals	  like	  maize	  and	  rice.	  
Nevertheless,	  aggregate	  demand	  for	  dryland	  cereals	  will	  continue	  to	  rise	  because	  of	  population	  
growth,	  and	  lack	  of	  alternatives	  to	  these	  crops	  in	  dryland	  areas.	  Additional	  demand	  will	  also	  be	  
created	  by	  new	  markets	  for	  sorghum	  (e.g.,	  substituting	  for	  expensive	  barley	  in	  brewing)	  and	  millet	  
(health-­‐conscious	  consumers).	  On	  balance,	  we	  can	  expect	  continued	  growth	  in	  demand	  where	  (1)	  
population	  growth	  remains	  high,	  (2)	  there	  are	  no	  alternative	  cereal	  crops,	  and	  (3)	  where	  growth	  in	  
income	  is	  not	  expected	  to	  rapidly	  increase	  consumer	  demand	  for	  preferred	  cereals.	  In	  Asia,	  rising	  
incomes	  have	  reduced	  per	  capita	  consumption	  of	  dryland	  cereals,	  but	  not	  sufficiently	  to	  reduce	  
aggregate	  demand.	  Demand	  projections	  for	  dryland	  cereals	  in	  India	  show	  that	  to	  2020	  demand	  will	  
continue	  to	  exceed	  supply	  (Kumar,	  Rosegrant,	  and	  Hazell	  1995).	  Demand	  for	  sorghum	  products	  
remains	  high	  in	  specific	  regions	  of	  India	  (Parthasarathy	  Rao	  et	  al.	  2011).	  Demand	  for	  sorghum	  in	  
India	  is	  driven	  by	  demand	  for	  feed,	  in	  response	  to	  rising	  consumer	  demand	  for	  meat	  and	  dairy	  
products,	  as	  well	  as	  for	  food.	  Of	  the	  total	  demand	  for	  sorghum	  of	  8,798,000	  t	  projected	  for	  India	  by	  
the	  baseline	  model,	  90%	  is	  for	  food.	  However,	  this	  figure	  does	  not	  include	  the	  production	  of	  
sorghum	  for	  forage	  in	  the	  rice-­‐wheat	  farming	  system.	  Demand	  for	  dryland	  cereals	  in	  sub-­‐Saharan	  
Africa	  has	  not	  previously	  been	  studied	  and	  is	  the	  focus	  of	  current	  research,	  with	  ongoing	  surveys	  in	  
both	  WCA	  and	  ESA	  of	  the	  demand	  by	  processors	  and	  studies	  of	  consumer	  demand	  based	  on	  
national	  household	  expenditure	  surveys.	  
	  
The	  supply	  shift	  estimated	  by	  the	  CRP	  is	  supported	  by	  evidence	  of	  an	  increase	  in	  global	  demand	  for	  
dryland	  cereals	  by	  2020.	  The	  likely	  scale	  of	  increase	  in	  demand	  was	  estimated	  using	  IFPRI’s	  IMPACT	  
model,	  which	  gives	  estimates	  for	  sorghum	  and	  millet,	  but	  not	  for	  barley.	  Results	  from	  the	  baseline	  
model	  (based	  on	  historical	  trends)	  show	  positive	  demand	  trends	  for	  sorghum	  and	  millet	  in	  all	  our	  
target	  regions.	  By	  2020,	  demand	  for	  sorghum	  and	  millet	  in	  our	  target	  countries	  is	  expected	  to	  reach	  
35	  million	  and	  29	  million	  mt,	  respectively.	  This	  is	  below	  the	  increase	  in	  supply	  that	  we	  estimated	  for	  
sorghum	  (32	  million	  mt),	  but	  above	  the	  increase	  in	  supply	  estimated	  for	  millet	  (34.5	  million	  mt),	  
largely	  because	  of	  expected	  technology	  breakthroughs	  with	  pearl	  millet	  hybrids	  in	  India.	  Based	  on	  
available	  evidence,	  therefore,	  the	  CRP	  will	  assist	  farmers	  meet	  rising	  demand	  for	  dryland	  cereals.	  
From	  the	  22	  million	  mt	  of	  barley	  production	  in	  developing	  countries,	  barley	  demand	  for	  malt	  is	  
increasing	  in	  countries	  such	  as	  Iran,	  India,	  Ethiopia	  and	  Latin	  America.	  Demand	  for	  barley	  for	  human	  
consumption	  is	  increasing	  in	  countries	  such	  as	  Morocco,	  Ethiopia	  and	  Iran.	  Overall	  demand	  for	  
barley	  for	  animal	  feed	  is	  increasing	  in	  almost	  all	  countries	  and	  supply	  does	  not	  meet	  the	  demands	  in	  
developing	  countries.	  There	  is	  also	  a	  huge	  barley	  production	  in	  the	  developed	  world	  and	  in	  countries	  
such	  as	  Russia,	  Turkey	  that	  can	  fill	  gaps	  to	  some	  extent.	  The	  demand	  for	  Barley	  was	  calculated	  based	  
on	  percentage	  of	  barley	  within	  demand	  figures	  of	  other	  cereals	  (barley,	  rye,	  and	  oats).	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VALUE	  PROPOSITION	  FOR	  DRYLAND	  CEREALS	  
Production	  estimates	  of	  barley,	  millets	  and	  sorghum	  
Production	  estimates	  (in	  metric	  tons)	  for	  the	  base	  year	  (2011)	  were	  taken	  from	  FAOSTAT,	  average	  of	  
three	  years	  2007-­‐2009.	  Production	  estimates	  for	  2020	  were	  estimated	  in	  two	  stages:	  
First,	  we	  estimated	  the	  expected	  yield	  increase	  from	  (1)	  genetic	  improvement	  and	  (2)	  crop	  
management.	  These	  yield	  increases	  were	  based	  on	  personal	  knowledge	  by	  plant	  breeders	  and	  
agronomists,	  and	  published	  literature	  (Sanders	  et	  al.	  1996;	  Twomlow	  et	  al.	  2008;	  Mazvimavi	  et	  al.	  
2008;	  Mazvimavi	  and	  Twomlow	  2009).	  Second,	  we	  estimated	  the	  increase	  in	  production	  by	  
projecting	  an	  increase	  in	  adoption	  for	  (1)	  improved	  varieties	  and	  (2)	  improved	  crop	  management	  
practices	  for	  each	  year	  between	  2012	  and	  2020.	  The	  expected	  increase	  in	  adoption	  was	  made	  by	  
scientists	  in	  each	  region,	  based	  on	  personal	  knowledge	  of	  each	  country.	  The	  estimates	  were	  made	  
separately	  for	  each	  country	  in	  the	  region.	  
FAOSTAT	  does	  not	  distinguish	  between	  finger	  and	  pearl	  millet.	  Both	  are	  grown	  in	  East	  and	  Southern	  
Africa.	  The	  proportion	  planted	  to	  each	  type	  of	  millet	  in	  ESA	  was	  based	  on	  published	  literature	  
(FAO/ICRISAT	  1996:	  Appendix	  III)	  and	  personal	  knowledge	  of	  ESA	  plant	  breeders.	  	  
Value	  of	  production	  
Values	  in	  2011	  are	  producer	  prices	  in	  current	  USD	  available	  for	  sorghum	  and	  millet.	  Figures	  derive	  
from	  FAOSTAT	  and	  are	  not	  available	  for	  all	  countries	  in	  each	  region.	  Where	  prices	  were	  not	  available	  
for	  a	  target	  country,	  we	  used	  the	  mean	  value	  for	  the	  region,	  based	  on	  producer	  prices	  for	  target	  
countries	  for	  which	  prices	  were	  available.	  Values	  for	  2020	  are	  undiscounted	  2011	  prices.	  
Food	  Security	  
Food	  security	  was	  measured	  as	  the	  number	  of	  households	  in	  each	  country	  that	  can	  meet	  at	  least	  
30%	  of	  basic	  kilocalories	  from	  a	  specific	  dryland	  cereal	  crop.	  This	  was	  estimated	  in	  three	  stages.	  
First,	  we	  estimated	  the	  population	  for	  each	  country	  in	  areas	  where	  sorghum	  and	  millet	  were	  grown,	  
using	  the	  HarvestPlus	  database.	  Second,	  we	  estimated	  the	  average	  household	  size	  from	  the	  
FAOSTAT	  database,	  which	  is	  based	  primarily	  on	  decennial	  farm	  census	  data.	  Since	  figures	  were	  not	  
available	  for	  each	  target	  country,	  we	  used	  a	  regional	  average	  household	  size,	  based	  on	  the	  mean	  of	  
target	  countries	  for	  which	  data	  on	  household	  size	  was	  available.	  Third,	  mean	  household	  size	  was	  
converted	  to	  adult	  equivalents	  (AE)	  assuming	  that	  each	  household	  had	  only	  two	  adults,	  with	  adults	  
weighted	  as	  1	  and	  children	  as	  0.5.	  Finally,	  we	  estimated	  the	  annual	  calorific	  requirement	  per	  adult	  
based	  on	  a	  requirement	  of	  2100	  kcals/day,	  and	  kcal	  values	  per	  100	  grams	  of	  339	  (sorghum),	  378	  
(millet)	  and	  352	  (barley)	  from	  the	  USDA	  nutrient	  database.	  
Table	  A6-­‐3.	  Food	  Security	  from	  dryland	  cereals	  
Region	   Persons/household	   AE/household	   Kcal/household/30%	  
WCA	   9	   5.5	   1,264,725	  
ESA	   5	   3.5	   804,825	  
SA	   5	   3.5	   804,825	  
WANA	   5	   3.5	   804,825	  
EA	   3	   2.5	   574,875	  
	  
Added	  Net	  Income	  
Additional	  income	  from	  dryland	  cereals	  was	  measured	  as	  the	  additional	  net	  income	  per	  ha	  from	  
adoption	  of	  improved	  varieties	  of	  dryland	  cereals,	  measured	  in	  current	  USD,	  in	  2020.	  Net	  income	  is	  
therefore	  the	  difference	  in	  income	  per	  ha	  from	  unimproved	  and	  improved	  varieties,	  after	  
subtracting	  cash	  costs	  and	  excluding	  the	  cost	  of	  family	  labor	  and	  non-­‐purchased	  inputs	  (e.g.	  land,	  
manure,	  etc.).	  Income	  refers	  to	  the	  producer	  price	  of	  grain,	  and	  excludes	  stover.	  The	  main	  sources	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of	  data	  were	  recent	  unpublished	  baseline	  surveys	  for	  the	  HOPE	  Project	  (sorghum	  and	  millet)	  (Table	  
A6-­‐4).	  Since	  this	  data	  was	  not	  available	  for	  all	  target	  countries,	  we	  used	  a	  regional	  average	  based	  on	  
target	  countries	  for	  which	  data	  was	  available.	  Added	  income	  by	  crop	  and	  by	  country	  was	  then	  
calculated	  by	  taking	  the	  area	  planted	  to	  improved	  varieties	  of	  dryland	  cereals	  in	  2020,	  and	  
multiplying	  by	  added	  income	  per	  hectare	  in	  Table	  3-­‐4.	  	  
Table	  A6-­‐4.	  Added	  net	  income	  from	  adoption	  of	  improved	  varieties	  (USD/ha)	  
Region/crop	   Added	  net	  income	  
WCA	  sorghum	   50	  
WCA	  millet	   50	  
ESA	  sorghum	   50	  
ESA	  millet	   50	  
SA	  sorghum	   90	  
SA	  millet	   150	  
Barley	   50	  
	  
Targeted	  Farmers	  and	  Beneficiaries	  
We	  estimated	  the	  average	  holding	  size	  for	  each	  region,	  using	  the	  same	  FAO	  database	  that	  was	  used	  
to	  estimate	  household	  size	  (see	  section	  3,	  Food	  Security).	  Since	  figures	  were	  not	  available	  for	  all	  
target	  countries,	  we	  used	  a	  regional	  average	  based	  on	  the	  mean	  holding	  size	  for	  target	  countries	  for	  
which	  figures	  were	  available.	  We	  then	  estimated	  the	  number	  of	  households	  by	  dividing	  the	  area	  for	  
each	  crop	  by	  the	  average	  holding	  size.	  The	  number	  of	  holdings	  was	  then	  multiplied	  by	  the	  average	  
household	  size	  to	  estimate	  number	  of	  beneficiaries.	  
We	  estimate	  that	  we	  can	  reach	  approximately	  20%	  of	  the	  total	  number	  of	  farmers	  (beneficiaries)	  in	  
each	  country,	  except	  for	  Sudan	  where	  we	  estimate	  reaching	  5%.	  	  
Full	  details	  are	  provided	  in	  Table	  A6-­‐5.	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Table	  A6-­‐5.	  Estimation	  of	  targeted	  area,	  households	  and	  beneficiaries.	  
Region	  /	  	  


























West	  and	  Central	  Africa	  
Burkina	  Faso	   Millet	   4	   9	   1,398,050	   349,513	   3,145,613	   50%	   20%	   279,610	   69,903	   629,123	  
Mali	   Millet	   4	   9	   1,519,743	   379,936	   3,419,423	   50%	   20%	   303,949	   75,987	   683,885	  
Niger	   Millet	   4	   9	   6,865,073	   1,716,268	   15,446,415	   20%	   20%	   1,373,015	   343,254	   3,089,283	  
Nigeria	   Millet	   4	   9	   4,134,400	   1,033,600	   9,302,400	   40%	   20%	   826,880	   206,720	   1,860,480	  
Senegal	   Millet	   4	   9	   989,483	   247,371	   2,226,337	   0%	   20%	   197,897	   49,474	   445,267	  
Sub-­‐total	   	   	   	   14,906,750	   3,726,687	   33,540,187	   	   	   2,981,350	   745,337	   6,708,037	  
Burkina	  Faso	   Sorghum	   4	   9	   1,846,007	   461,502	   4,153,515	   50%	   20%	   369,201	   92,300	   830,703	  
Mali	   Sorghum	   4	   9	   1,102,655	   275,664	   2,480,974	   50%	   20%	   220,531	   55,133	   496,195	  
Niger	   Sorghum	   4	   9	   2,974,037	   743,509	   6,691,583	   20%	   20%	   594,807	   148,702	   1,338,317	  
Nigeria	   Sorghum	   4	   9	   5,696,820	   1,424,205	   12,817,845	   40%	   20%	   1,139,364	   284,841	   2,563,569	  
Sub-­‐total	   	   	   	   11,619,518	   2,904,880	   26,143,916	   	   	   2,323,904	   580,976	   5,228,783	  
	   	   	   	   	   	   	   	   	   	   	   	  
Eastern	  and	  Southern	  Africa	  
Ethiopia	   Barley	   1.5	   5	   1,030,603	   687,069	   3,435,343	   10%	   20%	   206,121	   137,414	   687,069	  
Sub-­‐total	   	   	   	   1,030,603	   687,069	   3,435,343	   	   	   206,121	   137,414	   687,069	  
Ethiopia	   Millet	   1.5	   5	   392,122	   261,414	   1,307,072	   10%	   20%	   78,424	   52,283	   261,414	  
Sudan	   Millet	   1.5	   5	   2,235,473	   1,490,316	   7,451,578	   10%	   5%	   111,774	   74,516	   372,579	  
Tanzania	   Millet	   1.5	   5	   317,315	   211,543	   1,057,716	   10%	   20%	   63,463	   42,309	   211,543	  
Uganda	   Millet	   1.5	   5	   459,333	   306,222	   1,531,111	   10%	   20%	   91,867	   61,244	   306,222	  
Sub-­‐total	   	   	   	   3,404,243	   2,269,495	   11,347,477	   	   	   345,528	   230,352	   1,151,759	  
Ethiopia	   Sorghum	   1.5	   5	   1,589,173	   1,059,449	   5,297,244	   10%	   20%	   317,835	   211,890	   1,059,449	  
Mozambique	   Sorghum	   1.5	   5	   519,000	   346,000	   1,730,000	   10%	   20%	   103,800	   69,200	   346,000	  
Sudan	   Sorghum	   1.5	   5	   6,294,903	   4,196,602	   20,983,011	   10%	   5%	   314,745	   209,830	   1,049,151	  
Tanzania	   Sorghum	   1.5	   5	   860,710	   573,807	   2,869,034	   10%	   20%	   172,142	   114,761	   573,807	  
Sub-­‐total	   	   	   	   9,263,786	   6,175,858	   30,879,289	   	  	   	  	   908,522	   605,681	   3,028,407	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Region	  /	  	  


























Central	  and	  West	  Asia	  and	  North	  Africa	  
Iran	   Barley	   2	   5	   1,443,337	   721,668	   3,608,342	   0%	   20%	   288,667	   144,334	   721,668	  
Kazakhstan	   Barley	   2	   3	   1,679,600	   839,800	   2,519,400	   0%	   20%	   335,920	   167,960	   503,880	  
Morocco	   Barley	   2	   5	   2,094,533	   1,047,267	   5,236,333	   0%	   20%	   418,907	   209,453	   1,047,267	  
Syria	   Barley	   2	   5	   1,299,173	   649,587	   3,247,933	   0%	   20%	   259,835	   129,917	   649,587	  
Sub-­‐total	   	   	   	   6,516,643	   3,258,322	   14,612,008	   	  	   	  	   1,303,329	   651,664	   2,922,402	  
	   	   	   	   	   	   	   	   	   	   	   	  
South	  Asia	  
India	   Barley	   2	   5	   724,200	   362,100	   1,810,500	   5%	   20%	   144,840	   72,420	   362,100	  
Sub-­‐total	   	   	   	   724,200	   362,100	   1,810,500	   	   	   144,840	   72,420	   362,100	  
India	   Millet	   1.3	   5	   11,332,533	   8,717,333	   43,586,667	   5%	   20%	   2,266,507	   1,743,467	   8,717,333	  
Sub-­‐total	   	   	   	   11,332,533	   8,717,333	   43,586,667	   	   	   2,266,507	   1,743,467	   8,717,333	  
India	   Sorghum	   1.3	   5	   7,654,667	   5,888,205	   29,441,026	   5%	   20%	   1,530,933	   1,177,641	   5,888,205	  
Sub-­‐total	   	   	   	   7,654,667	   5,888,205	   29,441,026	   	   	   1,530,933	   1,177,641	   5,888,205	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Value	  of	  stover	  
The	  value	  of	  stover	  was	  measured	  only	  for	  sorghum,	  based	  on	  the	  assumption	  that	  straw	  of	  millets	  
and	  barley	  was	  used	  as	  fuel	  or	  feed.	  Values	  are	  producer	  prices	  for	  sorghum	  stover	  measured	  in	  
current	  USD.	  The	  change	  in	  the	  value	  of	  stover	  was	  estimated	  based	  on	  the	  following	  assumptions.	  
First,	  we	  estimated	  the	  grain:	  stover	  ratio	  for	  unimproved	  varieties	  and	  for	  improved	  varieties	  for	  
sorghum.	  Second,	  we	  estimated	  the	  grain:	  stover	  price	  ratio	  in	  2011	  and	  2020.	  We	  assumed	  that	  this	  
ratio	  would	  stay	  constant	  for	  SA.	  For	  WCA	  and	  ESA,	  we	  assumed	  that	  the	  ratio	  would	  increase	  with	  
rising	  demand	  for	  stover.	  Third,	  (for	  SA)	  only)	  we	  estimated	  the	  price	  premium	  (10%)	  that	  market	  
traders	  would	  pay	  for	  improved	  sorghum	  varieties	  with	  higher	  quality	  stover	  that	  improved	  in	  vitro	  
digestibility.	  	  
Table	  A6-­‐6.	  Estimation	  of	  benefits	  from	  stover	  
Region	  
Grain:	  Stover	  ratio	  (mt)	   Grain:	  Stover	  price	  ratio	  (%)	   Quality	  premium	  (%)	  
2011	   2020	   2011	   2020	   2020	  
WCA	   10	   4	   10	   20	   0	  
ESA	   5	   3	   10	   20	   0	  
SA	   2	   2	   50	   50	   10	  
	  
These	  ratios	  were	  based	  on	  personal	  knowledge	  of	  plant	  breeders	  in	  each	  region,	  as	  well	  as	  
published	  literature	  (Blummel	  and	  Rao	  2006;	  Kristjanson	  and	  Zerbini	  1999;	  Gebremedhin	  et	  al.	  2009;	  
EADD	  2011).	  Information	  for	  WCA	  was	  obtained	  from	  de	  Leeuw	  (1997)	  and	  Clerget	  et	  al.	  2010).	  
Information	  for	  value	  of	  stover	  for	  WCA	  is	  spare	  but	  Falconnier	  (2009)	  documents	  how	  farmers	  have	  
started	  to	  store	  and	  use	  sorghum	  stover.	  Values	  for	  newer	  varieties	  of	  sorghum	  were	  published	  
recent	  as	  an	  abstract	  (Clerget	  et	  al.	  2010).	  
For	  the	  value	  we	  have	  no	  information	  that	  research	  has	  not	  been	  done,	  as	  the	  stover	  is	  only	  rarely	  
traded	  so	  far.	  We	  have	  started	  to	  observe	  that	  farmer	  harvest	  and	  store	  sorghum	  stover	  of	  
improved	  quality,	  and	  that	  it	  is	  major	  reason	  for	  adoption	  of	  new	  varieties	  (Gatien-­‐Falconnier	  2009).	  
These	  ratios	  were	  then	  applied	  as	  follows.	  To	  measure	  the	  value	  of	  stover	  in	  2011,	  we	  multiplied	  the	  
total	  sorghum	  production	  by	  the	  grain:	  stover	  ratio,	  to	  obtain	  a	  figure	  for	  total	  stover	  production	  in	  
2011.	  We	  then	  multiplied	  this	  figure	  by	  the	  grain:	  stover	  price	  ratio	  for	  2011,	  to	  obtain	  a	  total	  value.	  
To	  measure	  the	  value	  of	  stover	  in	  2020,	  the	  calculations	  were	  made	  separately	  for	  improved	  and	  
unimproved	  varieties.	  For	  unimproved	  varieties,	  we	  multiplied	  the	  total	  production	  of	  unimproved	  
varieties	  in	  2020	  by	  the	  grain:	  stover	  ratio	  in	  2011	  (i.e.	  the	  original	  ratio)	  to	  obtain	  total	  stover	  
production	  from	  unimproved	  varieties.	  We	  then	  multiplied	  this	  figure	  by	  the	  grain:	  stover	  price	  ratio	  
for	  2020	  to	  obtain	  the	  value	  of	  stover	  from	  unimproved	  varieties	  in	  2020.	  For	  improved	  varieties,	  we	  
multiplied	  the	  total	  production	  of	  improved	  varieties	  in	  2020	  by	  the	  grain:	  stover	  ratio	  for	  2020	  (i.e.	  
the	  new	  ratio),	  to	  obtain	  total	  stover	  production	  from	  improved	  varieties	  in	  2020.	  We	  then	  added	  
the	  value	  of	  stover	  from	  improved	  and	  unimproved	  varieties	  in	  2020	  to	  obtain	  the	  total	  value	  of	  
stover	  in	  2020.	  
Finally	  (for	  SA	  only)	  we	  added	  the	  price	  premium	  (10	  to	  the	  value	  of	  stover	  from	  improved	  varieties	  
in	  2020.	  This	  was	  estimated	  as	  the	  premium	  that	  market	  traders	  would	  pay	  for	  improved	  sorghum	  
varieties	  with	  higher	  quality	  stover	  that	  improved	  in	  vitro	  digestibility.	  	  
The	  value	  of	  stover	  for	  SA	  includes	  the	  value	  of	  forage	  sorghum,	  for	  which	  production	  was	  estimated	  
to	  increase	  from	  60	  to	  75	  million	  t	  between	  2011	  and	  2020.	  This	  was	  valued	  at	  the	  price	  for	  stover	  
used	  to	  value	  stover	  produced	  from	  sorghum	  grown	  for	  grain.	  No	  price	  premium	  was	  added.	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Table	  A6-­‐7.	  Value	  propositions	  for	  Dryland	  Cereal	  Crops	  and	  Regions	  
Region/Crop	   Production	  (mt)	   Value	  (USD)	   Food	  security	  (hh)	  
Added	  net	  
income	  (USD)	   Stover	  (USD)	  
	  
2011	   2020	   2011	   2020	   2011	   2020	   2020	   2011	   2020	  
WCA	   	   	   	   	   	   	   	   	   	  
	  Sorghum	   13,150,000	   15,878,855	  	   4,039,341,000	  	   4,891,059,971	  	   35,247,583	  	   43,145,060	  	   165,925,000	   4,039,341,000	   8,690,753,753	  
	  Millet	   14,365,365	   17,733,254	  	   4,209,563,744	  	   5,242,193,434	  	   43,731,871	   53,347,911	   215,600,000	   	   	  
ESA	   	   	   	   	   	   	   	   	   	  
	  Barley	   1,750,440	  	   1,773,779	  	   787,698,000	   798,200,550	   7,655,762	   8,318,410	   25,404,975	   	   	  
	  Sorghum	   6,332,010	  	   6,749,236	  	   1,873,474,451	  	   2,001,028,494	  	   25,883,371	  	   27,413,179	  	   190,955,000	   907,481,076	   1,046,650,917	  
	  Millet	   1,509,318	  	   2,010,521	  	   576,738,258	  	   582,038,333	  	   7,088,774	  	   9,442,761	  	   46,874,500	   	   	  
India	   	   	   	   	   	   	   	   	   	  
	  Barley	   1,690,000	  	   1,712,533	  	   382,785,000	   428,363,822	   7,391,420	   8,271,529	   15,600,000	   	   	  
	  Sorghum	   7,515,420	  	   9,270,600	  	   1,264,845,186	   1,560,241,980	   31,655,669	   39,048,655	   280,116,000	   885,391,630	   1,112,847,162	  
	  Millet	   12,842,710	  	   14,755,739	  	   2,033,000,993	  	   2,335,833,484	  	   60,318,012	   69,302,884	   212,163,000	   	   	  
CWANA	   	   	   	   	   	   	   	   	   	  




Production	  (mt)	   Value	  (USD)	   Food	  security	  (hh)	  
Added	  net	  
income	  (USD)	   Stover	  (USD)	  
2011	   2020	  	   2011	   2020	   2011	   2020	   2020	   2011	   2020	  
WCA	   27,515,365	  	   33,612,109	  	   8,248,904,744	  	   10,133,253,405	  	   78,979,454	  	   96,492,971	  	   381,525,000	  	   4,039,341,000	  	   8,690,753,753	  	  
ESA	   9,591,768	  	   10,533,536	  	   3,237,910,709	  	   3,381,267,377	  	   40,627,907	  	   45,174,350	  	   263,234,475	  	   907,481,076	  	   1,046,650,917	  	  
India	   22,048,130	  	   25,738,872	  	   3,680,631,179	  	   4,324,439,286	  	   99,365,101	  	   116,623,068	  	   507,879,000	  	   885,391,630	  	   1,112,847,162	  	  
CWANA	   10,610,899	  	   10,752,379	  	   2,625,545,954	  	   2,660,553,566	  	   46,408,057	  	   47,026,837	  	   111,335,475	  	   	   	  
	   	   	   	   	   	   	   	   	   	  
Barley	   14,051,339	  	   14,238,691	  	   3,796,028,954	  	   3,887,117,938	  	   61,455,239	  	   63,616,776	  	   152,340,450	  	   	   	  
Sorghum	   26,997,430	  	   31,898,691	  	   7,177,660,637	  	   8,452,330,445	  	   92,786,623	  	   109,606,894	  	   636,996,000	  	   5,832,213,706	  	   10,850,251,832	  	  
Millet	   28,717,393	  	   34,499,514	  	   6,819,302,995	  	   8,160,065,250	  	   111,138,657	  	   132,093,556	  	   474,637,500	  	   	   	  
GRAND	  TOTALS	   69,766,162	  	   80,636,896	  	   17,792,992,586	  	   20,499,513,633	  	   265,380,519	  	   305,317,226	  	   1,263,973,950	  	   5,832,213,706	  	   10,850,251,832	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APPENDIX	  7.	  PRODUCT	  LINE	  LOGFRAMES	  
PRODUCT	  LINE	  1	  –	  SUPPORTING	  FARMERS’	  TRANSITION	  FROM	  SUBSISTENCE	  TO	  MARKET	  ORIENTATION	  WITH	  PRODUCTIVE,	  NUTRITIOUS,	  PHOTOPERIOD-­‐SENSITIVE	  SORGHUM	  PRODUCTION	  
TOOLS	  FOR	  MULTIPLE	  USES	  IN	  WEST	  AFRICA	  (SORGHUM	  FOR	  WEST	  AFRICA)	  
Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
SC	  1	  –	  Assembling	  and	  making	  accessible	  data	  and	  knowledge	  for	  better	  targeting	  of	  dryland	  cereal	  technologies	  to	  enhance	  their	  adoption	  by	  smallholder	  farmers	  
OT	  1.1.1:	  Effective,	  interactive	  monitoring	  systems	  
of	  sorghum	  production,	  use	  and	  marketing	  trends	  
in	  target	  regions	  of	  WCA	  available	  to	  stakeholders	  
Monitoring	  framework	  and	  process	  agreed	  by	  key	  
stakeholders,	  including	  CRP	  1.1	  (Y1)	  
Crop	  production	  trends,	  input	  use,	  crop	  uses	  and	  
key	  environment	  and	  livelihood	  indicators,	  farmer	  
typologies	  for	  target	  sorghum	  production	  zones	  in	  
WCA	  for	  the	  past	  2	  years	  documented	  (Y3)	  
ICRISAT,	  aWhere,	  Research	  
partners	  involved	  in	  on-­‐farm	  
evaluations,	  CORAF	  
Partners	  and	  other	  development	  
investors	  can	  identify	  targeted	  
opportunities	  for	  research	  and	  
development	  for	  sorghum	  in	  
West	  and	  Central	  Africa	  
OT	  1.1.2:	  Specific	  communication	  tools	  and	  
channels	  evaluated	  for	  their	  effectiveness	  in	  
reaching	  farmers	  and	  other	  key	  audiences	  to	  
facilitate	  adoption	  of	  hybrids	  or	  varieties	  and	  
related	  production	  and	  marketing	  opportunities	  
Communication	  campaigns	  on	  integrated	  Striga	  
and	  soil	  fertility	  management	  carried	  out	  (Y1)	  and	  
its	  effectiveness	  evaluated	  (Y3)	  
Information	  campaign	  on	  sorghum	  hybrids	  carried	  
out	  in	  one	  target	  region	  (Y2)	  	  
Platforms	  for	  increasing	  interaction	  among	  actors	  
in	  the	  sorghum	  value	  chain	  in	  one	  target	  country	  
developed	  (Y2)	  
ICRISAT	  and	  NARS	  partners,	  
agro-­‐insight,	  STVC	  in	  Nigeria,	  
Rural	  Radio	  stations	  and	  
development	  projects	  	  
ARI	  -­‐	  e.g.	  Wageningen	  Univ	  
(Communication)	  
Sorghum	  farmers	  and	  other	  
stakeholders	  in	  WCA	  invest	  in	  
new	  sorghum	  production	  
technologies	  and	  market	  
opportunities	  based	  on	  
understanding	  their	  
opportunities	  and	  risks.	  	  
OT1.1.3	  Farmers,	  extension	  personnel,	  NGOs	  &	  
private	  input	  sector	  have	  access	  to	  a	  database	  of	  
sorghum	  variety	  evaluation	  results	  by	  site	  &	  year	  
and	  specific	  agronomic	  practices,	  in	  a	  user-­‐
friendly	  format,	  for	  decision	  making	  in	  target	  
countries	  in	  West	  &	  Central	  Africa	  
Database	  structure	  agreed	  by	  key	  stakeholders	  
jointly	  with	  pearl	  millet	  team	  in	  WCA,	  &	  existing	  
key	  datasets	  assembled	  (Y1)	  
Beta	  version	  of	  database	  accessible	  to	  users	  (Y2)	  
Database	  curation	  completed	  (annually	  from	  Y3)	  
ICRISAT,	  aWhere,	  FO’s	   Sorghum	  seed	  producers,	  
growers,	  processors	  and	  other	  
users	  can	  choose	  varieties	  or	  
hybrids	  based	  on	  specific	  past	  
performance	  results.	  
SC	  2	  –	  Developing	  improved	  dryland	  cereal	  varieties	  and	  hybrids	  for	  increased	  grain	  and	  stover	  yield,	  quality	  and	  adaptation	  in	  smallholder	  farmers’	  fields	  
OT	  1.2.1:	  Heterotic	  pools	  
established/confirmed/enhanced	  for	  main	  target	  
group	  of	  hybrids.	  
Heterotic	  relationships	  and	  combining	  ability	  
between	  existing	  A-­‐lines	  and	  R-­‐lines	  used	  in	  Mali	  
established	  (Y1)	  
Heterotic	  pools	  proposed	  for	  hybrid	  sorghum	  
breeding	  across	  the	  West-­‐African	  Savannah	  zones	  
proposed	  based	  on	  genetic	  analysis	  (Y3)	  
ICRISAT	  and	  NARS	  Partners,	  ARIs	  
(CIRAD,	  Univ.	  Hohenheim),	  GCP	  
Heterotic	  pools	  agreed	  upon	  
and	  used	  by	  sorghum	  breeders	  
in	  target	  countries	  for	  
developing	  new	  hybrid	  parents	  
for	  specific	  target	  zones	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Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
OT	  1.2.2:	  Efficient	  hybrid	  breeding	  programs	  using	  
molecular	  tools	  for	  increased	  breeding	  efficiency	  	  
Sorghum	  hybrid	  parents	  from	  Mali	  tested	  for	  their	  
adaptation	  and	  use	  in	  Burkina	  Faso	  and	  Nigeria	  
(Y2)	  
Breeding	  populations	  representing	  the	  heterotic	  
pools	  developed	  as	  source	  material	  for	  deriving	  B	  
and	  R-­‐lines	  for	  the	  West-­‐African	  Sudan	  Savannah	  
(Mali	  and	  BF)	  (Y3)	  
Sorghum	  hybrid	  parents	  for	  Nigeria	  developed	  for	  
adaptation	  to	  Northern	  guinea	  zone,	  and	  
processing	  requirements	  from	  industries	  (Y3)	  
Farmer	  preferred	  hybrids	  identified	  for	  
dissemination	  in	  Burkina	  Faso	  (Y2)	  
Farmer	  preferred	  hybrids	  identified	  for	  use	  by	  
processing	  industries	  in	  Nigeria	  (Y3)	  
ICRISAT	  and	  NARS	  Partners,	  ARIs	  
(CIRAD,	  Univ.	  Hohenheim)	  GCP	  
NARS	  partners	  in	  Mali	  and	  BF	  
use	  the	  populations	  in	  their	  R	  
and	  B	  line	  breeding	  programs.	  
Well	  trained	  national	  partners	  
initiate	  hybrid	  testing	  with	  
available	  parental	  material	  in	  
Nigeria,	  with	  increased	  
efficiency	  as	  they	  are	  using	  
molecular	  tools	  for	  key	  selection	  
steps.	  	  
OT	  1.2.3	  Targeted	  recurrent	  population	  
improvement	  and	  line	  development,	  programs	  
using	  new	  molecular	  tools	  for	  enhanced	  efficiency	  	  
Phenotyping	  options	  for	  characterizing	  sorghum	  
for	  adaptation	  to	  low	  phosphorus	  conditions	  
tested	  (Y1)	  
Molecular	  tools	  for	  allele-­‐marker	  based	  selection	  
for	  Al-­‐tolerance	  tested	  in	  WCA	  adapted	  
germplasm	  (Y3)	  
Marker	  associations	  for	  key	  adaptation	  traits	  for	  
sorghum	  for	  the	  WA	  savannah	  zones	  identified	  
using	  the	  BCNAM	  approach	  (Y3)	  
Targeted	  random-­‐mating	  populations	  improved	  
for	  frequency	  of	  farmer	  preference	  traits,	  and	  
yielding	  ability	  (Y2)	  	  
ICRISAT	  and	  NARS	  Partners,	  
CIRAD,	  Univ.	  Hohenheim,	  
EMBRAPA,	  U	  Queensland,	  GCP	  
Enhanced	  breeding	  efficiency	  
for	  key	  adaptation	  traits	  in	  
sorghum,	  used	  by	  NARS	  in	  WCA,	  
results	  in	  more	  diverse	  and	  
better	  lines	  entering	  testing	  
schemes	  across	  the	  region.	  
OT	  1.2.4	  Breeding	  tools	  for	  efficiently	  improving	  
dryland	  cereals	  (sorghum)	  for	  micronutrient	  
content	  and	  their	  bio-­‐availability,	  as	  well	  as	  other	  
grain	  and	  stover	  quality	  traits	  integrated	  into	  line	  
development	  improvement	  programs	  for	  target	  
ecologies	  
XRF	  and	  NIRS	  facility	  established	  in	  Mali	  (Sotuba	  
or	  Samanko)	  or	  ICRISAT-­‐Sadoré	  and	  calibrated	  for	  
Fe,	  Zn,	  protein	  and	  starch	  quality,	  as	  well	  as	  stover	  
digestibility	  components.	  (Y2)	  
ICRISAT,	  CIRAD,	  possibly	  IRD,	  
IER,	  GCP,	  other	  ARI’s	  
Newly	  released	  varieties	  meet	  
minimum	  standards	  for	  mineral	  
concentrations,	  and	  other	  grain	  
and	  stover	  qualities	  that	  can	  be	  
described	  in	  quantitative	  terms,	  
thus	  facilitating	  targeted	  use	  for	  
specific	  purposes,	  including	  
processing,	  and	  industrial	  uses.	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Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
SC	  3	  –	  Integrating	  sustainable	  crop,	  pest	  and	  disease	  management	  options,	  and	  enhancing	  crop-­‐livestock	  integration,	  to	  capture	  genetic	  gains	  from	  improved	  varieties	  and	  
hybrids	  
OT	  1.3.1	  Sustainable	  crop	  management	  options	  
developed	  for	  specific	  types	  of	  farmers	  in	  target	  
sorghum	  production	  areas	  in	  WCA	  
Profitability	  and	  risks	  of	  hybrid	  cultivation	  options	  
evaluated	  with	  different	  types	  of	  farmers	  (e.g.	  
market	  orientation,	  gender,	  importance	  of	  
livestock	  or	  other	  sources	  of	  farm	  income)	  in	  Mali	  
(Y2)	  
Sorghum	  intensification	  options	  assessed	  with	  
farmers	  for	  specific	  production	  conditions	  (Striga	  
infestation,	  low	  soil	  fertility,	  delayed	  sowing,	  
various	  diseases)	  in	  WCA	  focusing	  on	  grain	  yield.	  
(Y3)	  
Fodder	  production	  opportunities	  of	  different	  
plant	  types	  of	  sorghum	  assessed	  with	  farmers	  in	  
comparison	  to	  alternative	  options	  (with	  CRP	  1.1,	  
and	  3.7)	  (Y3)	  
Weed	  management	  options	  for	  sorghum	  assessed	  
for	  economic,	  environmental	  and	  health	  benefits	  
and	  risks	  in	  target	  ecologies	  in	  WCA	  (Y3)	  
ICRISAT,	  NARS,	  Farmer	  
Organizations,	  NGO’s,	  Rural	  
Radios	  
Information	  on	  improved	  crop	  
production	  options	  widely	  used	  
by	  rural	  radios	  and	  others	  
providing	  farmers	  with	  
information.	  
Farmers	  generate	  income	  from	  
seed	  production	  of	  hybrids,	  and	  
their	  male	  parents.	  
Options	  for	  increased	  
availability	  of	  livestock	  fodder	  
(sorghum	  stover	  with	  improved	  
quality	  and	  intercrops)	  leads	  
farmers	  to	  experiment	  with	  
intensifying	  livestock	  
management	  for	  income,	  animal	  
traction,	  and	  manure	  availability	  	  
OT	  1.3.2	  Priority	  pest	  and	  disease	  management	  
issues	  monitored	  for	  targeted	  development	  of	  
integrated	  solutions	  	  
Sorghum	  midge	  epidemiology	  analysed	  and	  
resistance	  sources	  described	  (Y2)	  
Anthracnose	  epidemiology	  monitored	  with	  a	  
focus	  on	  areas	  with	  increasing	  rates	  of	  adoption	  
of	  modern	  cultivars	  (Y3)	  
Issues	  related	  to	  sorghum	  grain	  mold	  and	  fungal	  
toxins	  clarified	  for	  West	  African	  production	  
situations	  (Y3)	  
ICRISAT,	  NARS,	  CIRAD,	  
INTSORMIL	  
Researchers	  are	  prepared	  to	  
address	  potentially	  devastating	  
diseases	  and	  pest	  situations	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Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
SC	  4	  –	  Promoting	  effective	  seed	  dissemination	  for	  better	  delivery	  of	  improved	  cultivars	  to	  smallholder	  farmers	  
OT	  1.4.1	  Appropriate	  seed	  supply	  models	  tested	  
for	  sorghum	  hybrids	  in	  different	  production	  
contexts	  in	  WCA,	  and	  their	  implementation	  
facilitated.	  	  
Hybrid	  seed	  production	  schemes	  refined	  to	  
ensure	  profitability	  for	  seed	  producers	  in	  Mali	  (Y2)	  
Emerging	  sorghum	  seed	  enterprises	  strengthened	  
for	  variety	  identification,	  financial	  management,	  
processing	  and	  storage	  and	  marketing	  capacity	  
(Y3)	  
Demand	  for	  seed	  of	  hybrid	  parents,	  and	  breeders’	  
seed	  of	  varieties	  increasing	  on	  a	  yearly	  basis	  to	  
meet	  targets	  (Y1,2,3)	  
Processing	  industries	  informed	  about	  hybrid	  
advantages	  for	  use	  in	  out-­‐grower	  schemes	  (Y3)	  
Regulations	  on	  seed	  trade	  and	  variety	  release	  
evaluated	  for	  their	  effectiveness	  in	  enhancing	  
availability	  of	  quality	  seed	  to	  farmers	  (Y3)	  
ICRISAT,	  NARS,	  Penn	  State	  
University,	  WCA	  COP	  of	  
McKnight	  Foundation	  CCRP,	  
Farmers	  organizations	  
Growth	  of	  commercial	  seed	  
industry	  and	  increasing	  rates	  of	  
adoption	  of	  improved	  cultivars.	  
OT	  1.4.2	  Farmers’	  seed	  supply	  and	  management	  
systems	  sufficiently	  characterized	  to	  develop	  
effective	  seed	  production	  and	  marketing	  chains	  
for	  hybrid	  seed	  
Seed	  systems	  workshop	  with	  a	  wide	  range	  of	  
actors	  (Y2)	  	  
Farmers’	  seed	  networks	  in	  target	  regions	  
characterized	  for	  their	  effectiveness	  to	  ensure	  
seed	  security	  (Y3)	  
Farmers’	  trait	  preferences,	  needs	  and	  uses	  of	  
genetic	  diversity	  documented	  for	  specific	  
production	  systems	  (Y3)	  
ICRISAT,	  NARS,	  FO’s,	  Penn	  State	  
University,	  NGO’s	  and	  national	  
seed	  regulators	  
Seed	  regulations	  target	  seed	  
supply	  models	  that	  support	  seed	  
security	  and	  crop	  diversity	  
functions	  of	  seed	  systems	  
SC	  5	  –	  Promoting	  post-­‐harvest	  value	  addition	  and	  market	  access	  to	  enhance	  income	  of	  smallholder	  dryland	  cereal	  producers	  	  
OT	  1.5.1	  Farmer	  organizations	  engaged	  in	  bulk	  
sales	  of	  grain,	  grain	  wholesalers,	  and	  others	  
buying	  bulk	  grain	  engaged	  in	  developing	  sorghum	  
hybrid	  production	  and	  marketing	  schemes	  
Different	  organizational	  forms	  for	  facilitating	  
group	  marketing	  of	  sorghum	  grain	  evaluated	  in	  
target	  regions	  and	  results	  communicated	  to	  
development	  investors	  (Y3)	  
Advantages	  of	  sorghum	  hybrids	  for	  processors	  
and	  farmers	  documented	  and	  communicated,	  in	  
the	  context	  of	  specific	  contractual	  arrangements	  
(Y3)	  
Specific	  post-­‐harvest	  grain	  handling	  and	  storage	  
practices	  evaluated	  with	  farmers	  for	  their	  
effectiveness	  (Y2)	  
ICRISAT,	  possibly	  FAO&	  WFP,	  
Afrique	  Verte	  and	  other	  NGO’s,	  
Farmer	  Unions,	  and	  their	  
supporters,	  ARI	  
Grain	  merchants	  and	  processors	  
increasingly	  rely	  on	  quality	  grain	  
supplied	  by	  well-­‐organized	  
farmers	  	  
Development	  investors	  replicate	  
successful	  models	  for	  initiating	  
the	  creation	  of	  farmer	  
organizations	  for	  enhancing	  
output	  and	  input	  market	  access,	  
and	  faster	  spread	  of	  locally	  
relevant	  innovations.	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Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
OT	  1.5.2	  Models	  for	  facilitating	  farmers’	  access	  to	  
appropriate	  inputs	  and	  financing	  evaluated	  with	  
farmer	  organizations,	  private	  input	  and	  banking	  
sectors,	  as	  well	  as	  development	  investors.	  
Different	  organizational	  forms	  for	  facilitating	  
group	  input	  purchase	  of	  fertilizer	  for	  sorghum	  
production	  evaluated	  with	  different	  types	  of	  
producers	  in	  target	  regions	  and	  results	  
communicated	  to	  development	  investors	  (Y3)	  
ICRISAT,	  possibly	  FAO&	  WFP,	  
Afrique	  Verte	  and	  other	  NGO’s,	  
Farmer	  Unions,	  and	  their	  
supporters,	  ARI	  
Development	  investors	  replicate	  
successful	  models	  for	  initiating	  
the	  creation	  of	  farmer	  
organizations	  for	  enhancing	  
output	  and	  input	  market	  access,	  
and	  faster	  spread	  of	  locally	  
relevant	  innovations.	  
OT	  1.5.3	  Processing	  characteristics	  and	  nutritional	  
value	  of	  sorghum	  hybrids	  and	  varieties	  
characterized	  
Malting	  qualities	  for	  relevant	  sorghum	  varieties	  
tested	  with	  the	  private	  sector	  in	  Nigeria	  (Y2)	  
Fe	  and	  Zn	  content	  of	  specific	  sorghum	  varieties	  
and	  processing	  options	  for	  using	  whole	  grain	  for	  
baby	  foods	  assessed	  in	  Mali	  (Y2)	  
Sorghum	  varieties	  an	  hybrids	  characterized	  for	  
quality	  flour	  production	  for	  use	  in	  industrial	  
baking,	  as	  well	  pre-­‐processing	  local	  dishes	  in	  
Nigeria	  (Y3)	  	  
ICRISAT,	  NARS,	  Processing	  
industries,	  IRD,	  CIRAD,	  
INTSORMIL	  
Processors	  use	  more	  sorghum	  
grain,	  preferably	  from	  specific	  
hybrids	  and	  varieties,	  and	  are	  
thus	  promoting	  improved	  
production	  practices.	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PRODUCT	  LINE	  2.	  IMPROVING	  FOOD	  SECURITY	  FOR	  SUBSISTENCE	  SMALLHOLDER	  FARMERS	  IN	  AFRICA	  WITH	  PRODUCTIVE	  AND	  NUTRITIOUS	  PEARL	  MILLET	  FOOD,	  FEED	  AND	  FODDER	  PRODUCTION	  
TECHNOLOGIES.	  
Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
SC	  1	  –	  Assembling	  and	  making	  accessible	  data	  and	  knowledge	  for	  better	  targeting	  of	  dryland	  cereal	  technologies	  to	  enhance	  their	  adoption	  by	  smallholder	  farmers	  
OT	  2.1.1	  Consumer	  &	  producer	  demands	  for	  
specific	  traits	  &	  trade-­‐offs	  between	  pearl	  millet	  
traits	  understood,	  based	  on	  continued	  analyses	  &	  
updates	  of	  baseline	  data	  sets,	  farmers	  evaluations	  
of	  technologies	  &	  targeted	  studies	  in	  target	  
countries	  in	  West	  &	  Central	  Africa	  
Monitoring	  &	  evaluation	  framework,	  &	  process	  
agreed	  for	  key	  stakeholders	  including	  CRP	  1.1	  &	  
CRP3.7	  (Y1)	  
Crop	  &	  livestock	  production	  trends,	  input	  use,	  for	  
target	  region	  documented	  (Y3)	  
Risks	  &	  opportunities	  for	  alternative	  technology	  
scenarios	  documented	  (Y4)	  
ICRISAT	  with	  assistance	  of	  IFPRI	  
&	  NARS	  in	  Burkina	  Faso,	  Mali,	  
Niger,	  Nigeria,	  &	  Senegal	  
National	  programs,	  NGOs,	  …	  
using	  the	  database	  for	  better	  
targeting	  
OT	  2.1.2	  Farmers,	  extension	  personnel,	  NGOs	  &	  
private	  input	  sector	  have	  access	  to	  a	  database	  of	  
pearl	  millet	  variety	  evaluation	  results	  by	  site	  &	  
year,	  in	  a	  user-­‐friendly	  format,	  for	  decision	  
making	  in	  target	  countries	  in	  West	  &	  Central	  
Africa	  
Database	  structure	  agreed	  by	  key	  stakeholders,	  &	  
existing	  key	  datasets	  assembled	  (Y1)	  
Beta	  version	  of	  database	  accessible	  to	  users	  (Y2)	  
Database	  curation	  completed	  (annually	  from	  Y3)	  
aWhere	   National	  programs,	  NGOs,	  …	  
using	  the	  database	  for	  better	  
targeting	  
OT	  2.1.3	  Multi-­‐media	  efforts	  to	  increase	  
awareness	  about	  available	  varieties	  of	  pearl	  millet	  
&	  their	  specific	  advantages	  pursued	  and	  
evaluated	  for	  its	  effectiveness	  in	  target	  countries	  
in	  West	  &	  Central	  Africa	  
Video	  on	  composting	  (Y1)	  
Communication	  campaign	  on	  integrated	  Striga	  &	  
soil	  fertility	  management	  conducted	  (Y1)	  &	  its	  
effectiveness	  evaluated	  (Y3)	  
Information	  campaign	  on	  improved	  pearl	  millet	  
varieties	  initiated	  (Y2)	  
Set	  of	  videos	  on	  integrated	  control	  of	  headminer,	  
with	  focus	  on	  bio-­‐control	  agents	  (Y3)	  
ICRISAT	  with	  INRAN,	  other	  
NARS,	  FOs,	  ARIs	  &	  Agro-­‐Insight	  
National	  programs,	  NGOs,	  …	  
using	  the	  database	  for	  better	  
targeting	  
SC	  2	  –	  Developing	  improved	  dryland	  cereal	  varieties	  and	  hybrids	  for	  increased	  grain	  and	  stover	  yield,	  quality	  and	  adaptation	  in	  smallholder	  farmers’	  fields	  
OT	  2.2.1	  Diverse	  random	  mating	  breeding	  
populations	  established	  &	  improved	  for	  target	  
ecologies	  of	  pearl	  millet	  in	  West	  &	  Central	  Africa,	  
using	  a	  range	  of	  tools	  
Genotyping-­‐by-­‐sequencing	  platform	  for	  pearl	  
millet	  (Y1)	  
Diversified	  Genepools	  &	  Composite	  Populations	  
to	  be	  used	  for	  each	  target	  country	  identified	  &	  
full-­‐sib	  (FS)	  progeny	  generation	  initiated	  (Y1)	  for	  
recurrent	  selection	  scheme	  (1	  cycle/year)	  
ICRISAT-­‐Sadoré,	  NARS	  &	  ARI	  
partners	  
Pearl	  millet	  breeding	  programs	  
globally	  making	  appropriate	  use	  
of	  available	  technologies,	  
resulting	  in	  more	  rapid	  
improvement	  of	  varietal	  
resilience,	  productivity	  &	  
product	  quality	  to	  meet	  the	  
needs	  of	  rural	  households	  
dependent	  upon	  this	  crop	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Strategic	  Component/Output	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   Milestones	   Lead	  institute(s)	   Outcomes	  
OT	  2.2.2	  With	  partners	  in	  African	  target	  countries	  
delineate	  target	  populations	  of	  environments	  that	  
can	  be	  addressed	  by	  focused	  variety	  development	  
programs,	  based	  on	  performance	  data,	  pest	  &	  
disease	  distribution,	  &	  key	  uses,	  in	  collaboration	  
with	  CRP	  1.1	  
Soil	  &	  agro-­‐climatic	  information	  content	  of	  GIS	  
maps	  for	  target	  countries	  improved	  (Y2)	  
Pearl	  millet	  simulation	  model	  validated	  across	  3	  
sub-­‐zones	  of	  sub-­‐Saharan	  WCA	  (Y3)	  
ICRISAT-­‐Samanko	  with	  ICRISAT-­‐
Sadoré,	  ICRISAT-­‐Patancheru,	  
IFPRI,	  UQ	  &	  NARS	  
Pearl	  millet	  breeding	  programs	  
globally	  making	  appropriate	  use	  
of	  available	  technologies,	  
resulting	  in	  more	  rapid	  
improvement	  of	  varietal	  
resilience,	  productivity	  &	  
product	  quality	  to	  meet	  the	  
needs	  of	  rural	  households	  
dependent	  upon	  this	  crop	  
OT	  2.2.3	  Genetic	  gain	  for	  key	  traits	  (e.g.	  grain	  
yield,	  biomass	  production,	  stover	  quality,	  
photoperiod	  sensitivity)	  improved	  by	  integrating	  
new	  genetic	  tools	  with	  conventional	  recurrent	  
selection	  for	  focused	  variety	  development	  
programs	  
Genotype	  x	  environment	  interaction	  for	  key	  food	  
processing	  traits	  assessed	  (Y3)	  
Three	  years	  of	  head-­‐to-­‐head	  comparison	  of	  
Marker-­‐assisted	  Population	  Improvement	  (MAPi)	  
with	  conventional	  full-­‐sib	  recurrent	  selection	  
(FSRS)	  completed	  (Y3),	  so	  that	  2-­‐year	  MET	  of	  
experimental	  varieties	  from	  each	  selection	  cycle	  
can	  be	  initiated	  
ICRISAT-­‐Sadoré	  with	  UoH,	  
WACCI	  &	  NARS	  
Pearl	  millet	  breeding	  programs	  
globally	  making	  appropriate	  use	  
of	  available	  technologies,	  
resulting	  in	  more	  rapid	  
improvement	  of	  varietal	  
resilience,	  productivity	  &	  
product	  quality	  to	  meet	  the	  
needs	  of	  rural	  households	  
dependent	  upon	  this	  crop	  
OT	  2.2.4	  Integrated	  selection	  tools	  for	  improving	  
adaptation/resistance	  to	  specific	  stress	  conditions	  
(e.g.	  low-­‐P	  tolerance,	  Al-­‐toxicity	  tolerance,	  Striga	  
resistance,	  &	  terminal	  drought	  tolerance)	  
developed	  with	  partners	  
Pearl	  Millet	  Inbred	  Germplasm	  Association	  Panel	  
(PMiGAP)	  introduced	  (Y1)	  &	  augmented	  (annually)	  
BCNAM	  population	  development	  initiated	  for	  
each	  target	  country	  (Y2)	  
Putative	  QTLs	  for	  host	  plant	  resistance	  to	  Striga	  
hermonthica	  identified	  from	  bi-­‐parental	  mapping	  
populations	  &	  full-­‐sib	  progeny	  sets	  (Y2)	  
Putative	  QTLs	  for	  acquisition	  of	  insoluble	  
phosphate	  identified	  (Y3)	  
ICRISAT-­‐Sadoré	  with	  ICRISAT-­‐
Patancheru,	  CERAAS,	  NARS,	  
WACCI	  &	  ARI	  partners	  including	  
IRD,	  UoH	  &	  DEEPI	  
Pearl	  millet	  breeding	  programs	  
globally	  making	  appropriate	  use	  
of	  available	  technologies,	  
resulting	  in	  more	  rapid	  
improvement	  of	  varietal	  
resilience,	  productivity	  &	  
product	  quality	  to	  meet	  the	  
needs	  of	  rural	  households	  
dependent	  upon	  this	  crop	  
OT	  2.2.5	  Capacity	  for	  high	  throughput	  analysis	  of	  
grain	  &	  stover	  quality	  traits	  established	  in	  target	  
countries	  
Appropriate	  NIRS	  equipment	  (&	  associated	  
grinders)	  identified	  (Y1),	  introduced	  &	  calibrated	  
(Y2),	  &	  in	  use	  by	  ICRISAT	  &	  NARS	  breeding	  
programs	  (Y3)	  
ILRI	  with	  NARS	  &	  ICRISAT	   Pearl	  millet	  breeding	  programs	  
globally	  making	  appropriate	  use	  
of	  available	  technologies,	  
resulting	  in	  more	  rapid	  
improvement	  of	  varietal	  
resilience,	  productivity	  &	  
product	  quality	  to	  meet	  the	  
needs	  of	  rural	  households	  
dependent	  upon	  this	  crop	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OT	  2.2.6	  Breeding	  tools	  for	  efficiently	  improving	  
micronutrient	  content	  &	  bio-­‐availability	  of	  dryland	  
cereals	  developed	  &	  integrated	  into	  variety	  
improvement	  programs	  for	  target	  ecologies	  
XRF	  facility	  established	  at	  ICRISAT-­‐Samanko,	  
ICRISAT-­‐Sadoré	  or	  ICRISAT-­‐Kano,	  and	  calibrated	  
(Y2)	  
Grain	  samples	  from	  multi-­‐site,	  multi-­‐year	  
assessment	  of	  PMiGAP	  inbreds	  &	  testcrosses	  
evaluated	  for	  micronutrient	  content	  &	  




Patancheru,	  HKI,	  UoH,	  WACCI	  &	  
NARS	  
Pearl	  millet	  breeding	  programs	  
globally	  making	  appropriate	  use	  
of	  available	  technologies,	  
resulting	  in	  more	  rapid	  
improvement	  of	  varietal	  
resilience,	  productivity	  &	  
product	  quality	  to	  meet	  the	  
needs	  of	  rural	  households	  
dependent	  upon	  this	  crop	  
OT	  2.2.7	  Experimental	  varieties	  evaluated	  
efficiently	  for	  their	  productivity,	  adaptation,	  
farmer	  acceptability	  &	  preferences,	  using	  sets	  of	  
proven,	  innovative	  tools	  
More	  effective	  national	  &	  regional	  trialing	  
systems	  (including	  on-­‐station	  &	  on-­‐farm	  
evaluation)	  established	  for	  pearl	  millet	  in	  WCA	  
(Y2)	  
Recommendations	  for	  additions	  to	  national	  
catalogs	  of	  recommended	  varieties	  (Y3)	  
ICRISAT-­‐Sadoré	  &	  NARS	  with	  
FOs,	  WACCI	  &	  ARIs	  (including	  
UQ)	  
Pearl	  millet	  breeding	  programs	  
globally	  making	  appropriate	  use	  
of	  available	  technologies,	  
resulting	  in	  more	  rapid	  
improvement	  of	  varietal	  
resilience,	  productivity	  &	  
product	  quality	  to	  meet	  the	  
needs	  of	  rural	  households	  
dependent	  upon	  this	  crop	  
SC	  3	  –	  Integrating	  sustainable	  crop,	  pest	  and	  disease	  management	  options,	  and	  enhancing	  crop-­‐livestock	  integration,	  to	  capture	  genetic	  gains	  from	  improved	  varieties	  and	  
hybrids	  
OT	  2.3.1	  Sustainable	  options	  for	  intensification	  of	  
pearl	  millet	  developed	  with	  farmers	  for	  diverse	  
production	  objectives	  to	  harness	  whole-­‐farm	  
benefits,	  from	  pearl	  millet	  varietal	  improvement	  
in	  target	  production	  ecologies	  in	  West	  &	  Central	  
Africa	  
Learnings	  from	  farmer	  field	  schools	  on	  integrated	  
Striga	  soil	  fertility	  management	  published	  (Y1)	  
Effects	  of	  micronutrient	  fertilization	  (ZnSO4)	  in	  on-­‐
station	  trials	  documented	  (Y2)	  &	  validated	  on-­‐
farm	  (Y3)	  
ICRISAT-­‐Samanko	  with	  FOs,	  
NARS,	  ICRISAT-­‐Sadoré,	  ICRISAT-­‐
Kano,	  ILRI,	  ARIs	  …	  
Pearl	  millet	  producers	  in	  West	  &	  
Central	  Africa	  making	  greater	  
use	  of	  livestock	  manures,	  crop	  
residues,	  and	  by-­‐products	  from	  
agro-­‐forestry	  to	  sustain	  soil	  
health	  
OT	  2.3.2	  Options	  for	  maximizing	  benefits	  from	  
crop/livestock	  integration,	  including	  management	  
options	  for	  pearl	  millet	  fodder	  productivity	  &	  
quality,	  evaluated	  for	  their	  feasibility	  &	  their	  
effects	  on	  soil	  fertility,	  &	  optimized	  for	  specific	  
production	  ecologies	  in	  West	  &	  Central	  Africa	  in	  
collaboration	  with	  CRP	  1.1	  &	  CRP	  3.7	  
Systems	  for	  composting	  livestock	  manure	  with	  
dryland	  cereal	  residues,	  while	  reducing	  survival	  of	  
diapausing	  stem	  borer	  larvae	  &	  enhancing	  soil	  
organic	  matter,	  assessed	  at	  representative	  sites	  in	  
Senegal,	  Mali	  &	  Niger	  (Y3)	  
ICRISAT-­‐Kano	  with	  ICRISAT-­‐
Sadoré,	  ICRISAT-­‐Samanko,	  ILRI,	  
ICRAF,	  NARS	  &	  FOs	  
Note:	  Original	  2.3.3	  merged	  
with	  2.3.7	  
Pearl	  millet	  producers	  in	  West	  &	  
Central	  Africa	  making	  greater	  
use	  of	  livestock	  manures,	  crop	  
residues,	  and	  by-­‐products	  from	  
agro-­‐forestry	  to	  sustain	  soil	  
health	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  institute(s)	   Outcomes	  
OT	  2.3.3	  Options	  for	  effectively	  integrating	  
management	  options	  for	  pest,	  disease	  &/or	  weed	  
(including	  Striga)	  control,	  including	  pesticide	  use,	  
developed	  with	  farmers	  for	  pearl	  millet	  in	  target	  
ecologies	  of	  West	  &	  Central	  Africa,	  &	  their	  
sustainability	  assessed	  
Donor	  parents	  for	  Striga	  &	  bruchid	  resistance,	  &	  
farmer-­‐preferred	  forage	  cowpea	  variety	  recurrent	  
parents	  identified	  &	  crossed	  (Y1)	  
Pearl	  millet	  headminer	  bio-­‐control	  system	  
developed	  in	  Niger	  evaluated	  from	  Senegal	  to	  
Sudan	  (Y3)	  
Forage	  cowpea	  varieties	  resistant	  to	  local	  
populations	  of	  Striga	  gesneroides	  &	  resistant	  to	  
bruchids	  available	  for	  testing	  in	  integrated	  Striga	  
&	  soil	  fertility	  management	  packages	  for	  pearl	  
millet	  in	  WCA	  (Y3)	  
ICRISAT-­‐Sadoré	  with	  ICRISAT-­‐
Kano,	  IITA-­‐Kano,	  NARS	  &	  FOs	  	  
Note:	  Original	  2.3.2	  merged	  
with	  2.3.4	  
Pearl	  millet	  producers	  in	  West	  &	  
Central	  Africa	  making	  greater	  
use	  of	  livestock	  manures,	  crop	  
residues,	  and	  by-­‐products	  from	  
agro-­‐forestry	  to	  sustain	  soil	  
health	  
OT	  2.3.4	  Appropriate	  machinery	  options	  to	  
improve	  labor	  efficiency	  &	  reduce	  drudgery	  of	  
pearl	  millet	  cultivation	  evaluated	  with	  farmers	  &	  
local	  machinery	  workshops	  in	  target	  countries	  in	  
West	  &	  Central	  Africa	  
Systems	  for	  sowing	  pearl	  millet	  seed	  with	  the	  
basal	  fertilizer	  (DAP	  or	  NPK)	  evaluated	  (Y1)	  
Manual	  &	  animal-­‐drawn	  tools	  for	  weed	  control,	  
dust-­‐mulching,	  &	  side-­‐dressing	  assessed	  on-­‐farm	  
(Y3)	  
NARS,	  FOs	  &	  local	  
entrepreneurs	  with	  links	  to	  
NGOs	  involved	  in	  design,	  
import/manufacture	  &	  
maintenance	  of	  appropriate	  
machinery	  for	  smallholder	  land	  
preparation,	  fertilization,	  
weeding	  &	  bird-­‐scaring	  for	  pearl	  
millet	  
Pearl	  millet	  producers	  in	  West	  &	  
Central	  Africa	  making	  greater	  
use	  of	  livestock	  manures,	  crop	  
residues,	  and	  by-­‐products	  from	  
agro-­‐forestry	  to	  sustain	  soil	  
health	  
OT	  2.3.5	  Models	  for	  effectively	  enhancing	  &	  
supporting	  farmers’	  experimentation	  &	  
innovations	  for	  increasingly	  successful	  pearl	  millet	  
production	  evaluated	  with	  farmers	  &	  
development	  partners	  in	  target	  production	  
systems	  in	  West	  &	  Central	  Africa,	  possibly	  in	  
collaboration	  with	  CRP	  1.1	  
Study	  following-­‐up	  recipients	  of	  pearl	  millet	  seed	  
mini-­‐packs	  completed	  for	  Burkina	  Faso,	  Mali	  &	  
Niger	  (Y2)	  
Utility	  of	  wood	  ash	  to	  enhance	  soil	  fertility	  of	  
“women’s	  fields”	  assessed	  (Y3)	  
McKnight	  CCRP	  CoP	  for	  WCA,	  
with	  ICRISAT,	  ARIs	  (including	  
PSU	  &	  UoH),	  NARS,	  NGOs	  &	  FOs	  
Pearl	  millet	  producers	  in	  West	  &	  
Central	  Africa	  making	  greater	  
use	  of	  livestock	  manures,	  crop	  
residues,	  and	  by-­‐products	  from	  
agro-­‐forestry	  to	  sustain	  soil	  
health	  
SC	  4	  –	  Promoting	  effective	  seed	  dissemination	  for	  better	  delivery	  of	  improved	  cultivars	  to	  smallholder	  farmers	  
OT	  2.4.1	  Farmers’	  seed	  supply	  &	  management	  
systems	  sufficiently	  characterized	  to	  develop	  
effective	  seed	  production	  &	  marketing	  chains	  for	  
pearl	  millet	  seed	  in	  target	  countries	  &	  production	  
systems	  in	  West	  &	  Central	  Africa	  
Seed	  systems	  workshop	  (Y2)	  
Strengthened	  linkages	  between	  research	  stations,	  
communities	  with	  off-­‐season	  irrigation	  (for	  
multiplication	  of	  Breeder	  &	  Foundation	  Seed),	  FO	  
members	  involved	  in	  Certified	  Seed	  production	  &	  
private	  companies	  involved	  in	  seed	  conditioning,	  
packaging	  &	  marketing	  (Y3)	  
CORAF-­‐led	  follow-­‐up	  to	  WASA,	  
in	  partnership	  with	  AGRA,	  NARS,	  
FOs,	  private	  seed	  companies,	  
ARIs	  &	  ICRISAT	  
Growth	  of	  formal	  seed	  sector	  
for	  pearl	  millet	  in	  West	  &	  
Central	  Africa	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Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
OT	  2.4.2	  Effectiveness	  of	  specific	  seed	  regulations	  
&	  practices	  evaluated	  for	  enhancing	  seed	  
availability	  &	  farmers’	  access	  to	  appropriate	  pearl	  
millet	  varieties	  in	  target	  countries	  in	  West	  &	  
Central	  Africa	  
Draft	  regulations	  for	  “truthfully-­‐labeled”	  seed	  
class	  for	  pearl	  millet	  developed,	  translated	  &	  
disseminated	  for	  comment	  (Y1)	  
Efficacy	  of	  borders	  assessed	  for	  maintenance	  of	  
pearl	  millet	  varietal	  identity	  in	  rainy	  season	  
Breeder	  Seed	  and	  Foundation	  Seed	  isolations	  
assessed	  (Y3)	  
ICRISAT-­‐Sadoré	  with	  CORAF-­‐led	  
follow-­‐up	  to	  WASA,	  national	  
seed	  certification	  agencies,	  
NARS,	  AICPMIP,	  private	  seed	  
companies	  &	  FOs	  
Pearl	  millet	  producers	  in	  West	  &	  
Central	  Africa	  regularly	  
purchasing	  seed	  of	  improved	  
cultivars	  adapted	  to	  their	  needs	  
SC	  5	  –	  Promoting	  post-­‐harvest	  value	  addition	  and	  market	  access	  to	  enhance	  income	  of	  smallholder	  dryland	  cereal	  producers	  	  
OT	  2.5.1	  Appropriate	  machinery	  options	  to	  
improve	  stover,	  feed	  &	  food	  quality,	  &	  reduce	  
drudgery	  of	  dryland	  cereal	  postharvest	  handling	  &	  
processing,	  evaluated	  with	  farmers	  &	  local	  
machinery	  workshops	  in	  target	  countries	  in	  West	  
&	  Central	  Africa	  
FO	  members	  trained	  in	  maintenance	  of	  imported	  
grain	  milling	  equipment	  (Y1)	  
FO	  members	  trained	  in	  maintenance	  of	  locally-­‐
manufactured	  threshers	  &	  seed	  cleaning	  
equipment	  (Y2)	  
Forage	  choppers	  tested	  with	  farmer	  organizations	  
at	  representative	  sites	  (Y3)	  
FOs,	  NARS	  &	  local	  
entrepreneurs	  with	  links	  to	  
NGOs	  involved	  in	  design,	  
manufacture	  &	  maintenance	  of	  
appropriate	  machinery	  for	  
threshing,	  cleaning	  &	  milling	  
grain,	  &	  chopping	  fodder	  
Increase	  in	  portion	  of	  pearl	  
millet	  grain	  &	  stover	  that	  is	  
marketed,	  &	  use	  of	  these	  as	  
inputs	  in	  livestock-­‐based	  
enterprises	  
OT	  2.5.2	  Options	  for	  implementing	  warehouse	  
receipt	  systems,	  as	  well	  as	  options	  for	  linking	  
them	  to	  input	  supply	  for	  subsistence	  farmers	  
evaluated	  for	  their	  effect	  on	  farmers’	  income	  &	  
food	  security	  with	  development	  partners	  in	  target	  
countries	  in	  West	  &	  Central	  Africa	  
Sites	  using	  warrantage	  systems	  for	  dryland	  cereals	  
in	  Western	  &	  Central	  Africa	  identified	  (Y1)	  
Survey	  of	  warrantage	  systems	  for	  dryland	  cereals	  
(sorghum	  &	  pearl	  millet)	  in	  Western	  &	  Central	  
Africa	  (Y3)	  
ICRISAT	  with	  NARS,	  ARIs	  &	  FOs	   Improved	  profitability	  of	  
marketing	  pearl	  millet	  grain	  &	  
stover	  
OT	  2.5.3	  Options	  for	  linking	  livestock	  owners	  to	  
predictable	  milk	  markets	  evaluated	  with	  farmers	  
&	  milk	  marketers	  (consumers)	  &	  their	  
development	  partners	  in	  target	  ecologies	  &	  
countries	  in	  West	  &	  Central	  Africa	  
Survey	  to	  assess	  peri-­‐urban	  milk	  demand	  in	  the	  
Sahelian	  &	  Sudanian	  zones	  of	  WCA	  (Y2)	  
ICRISAT	  with	  NARS,	  ARIs,	  FOs	  &	  
local	  dairy	  industry	  
Increased	  use	  of	  purchased	  
inputs	  in	  production	  of	  pearl	  
millet	  grain	  &	  stover	  as	  a	  result	  
of	  improved	  access	  &	  
purchasing	  power	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PRODUCT	  LINE	  3	  –	  DROUGHT	  TOLERANT,	  HIGHLY	  PRODUCTIVE	  MULTI-­‐USE	  SORGHUM	  VARIETIES	  AND	  HYBRIDS	  FOR	  FOOD	  AND	  PROCESSING	  USES	  IN	  THE	  DRY	  LOWLANDS	  OF	  EAST	  AFRICA.	  
Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
SC	  1	  –	  Assembling	  and	  making	  accessible	  data	  and	  knowledge	  for	  better	  targeting	  of	  dryland	  cereal	  technologies	  to	  enhance	  their	  adoption	  by	  smallholder	  farmers	  
OT	  3.1.1:	  Experiences	  of	  farmers	  experimenting	  
with	  hybrid	  cultivation	  and	  of	  early	  adopters	  
monitored	  to	  quantify	  benefits	  and	  potential	  risks	  
of	  hybrid	  cultivation.	  
Practicality	  of	  producing	  basic	  seed	  of	  released	  
sorghum	  hybrids	  established	  and	  shared	  with	  
seed	  industry	  (Y1)	  
Innovation	  platforms	  that	  link	  companies	  
producing	  hybrid	  seed	  with	  farmers	  and	  output	  
market	  established	  in	  two	  countries	  for	  piloting	  
(Y2)	  
A	  computer	  based	  tool	  developed	  and	  used	  to	  
track	  and	  monitor	  introduction,	  adoption,	  impact/	  
benefits	  and	  potential	  risks	  of	  hybrid	  cultivation	  in	  
targeted	  areas	  (Y3)	  
ICRISAT	  and	  Private	  sector	  
(seed,	  grain	  buyers	  and	  
processors)	  	  
Increased	  confidence	  by	  farmers	  
on	  hybrid	  productivity	  and	  
benefits	  
Farmers	  increase	  sorghum	  land	  
area	  as	  they	  embrace	  hybrid	  
production	  	  
OT	  3.1.2:	  Advantages	  and	  consequences	  of	  hybrid	  
cultivation	  communicated	  effectively	  to	  target	  
stakeholders	  	  
Multi-­‐dimensional	  indicators	  of	  adoption	  of	  
hybrid	  technology	  and	  impact	  in	  terms	  of	  
productivity,	  equity,	  income,	  profitability,	  food	  
and	  nutrition	  security	  developed	  and	  tracked	  on	  
the	  platforms	  (Y3)	  	  
A	  participatory	  data	  collection	  on	  early	  adoption	  
of	  hybrids	  conducted	  and	  advantages	  of	  hybrid	  
cultivation	  documented	  and	  communicated	  (Y3)	  	  
ICRISAT,	  NARS	  	   Industry	  can	  access	  better	  
quality	  grain	  and	  in	  large	  
volumes	  as	  a	  result	  of	  increased	  
productivity	  and	  specialized	  
hybrid	  farming	  	  
OT	  3.1.3:	  Specific	  communication	  tools	  and	  
channels	  evaluated	  for	  their	  effectiveness	  in	  
reaching	  farmers	  and	  other	  key	  audiences	  to	  
facilitate	  adoption	  of	  hybrids	  
New	  tools	  to	  capture	  data	  such	  as	  CAPI,	  PRA	  
innovations	  to	  complement	  baseline,	  spatial	  
analyses	  such	  as	  ESRI,	  aWhere	  and	  GIS	  evaluated	  
for	  their	  suitability	  to	  enhance	  research	  efficiency	  
in	  economic	  and	  social	  analysis	  	  
New	  communication	  channels	  identified	  used	  in	  
reaching	  farmers	  with	  hybrid	  technology	  	  
Documentation	  of	  the	  effectiveness	  of	  the	  new	  
tools	  and	  channels	  completed	  and	  disseminated	  
(Y3)	  
ICRISAT,	  awhere	  and	  GIS	  unit	  at	  
ICRAF	  	  
Communication	  specialists	  and	  
extension	  use	  more	  efficient	  
and	  effective	  tools	  to	  create	  
awareness	  on	  hybrid	  technology	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Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
SC	  2	  –	  Developing	  improved	  dryland	  cereal	  varieties	  and	  hybrids	  for	  increased	  grain	  and	  stover	  yield,	  quality	  and	  adaptation	  in	  smallholder	  farmers’	  fields	  
OT	  3.2.1:	  Heterotic	  pools	  
established/confirmed/enhanced	  for	  main	  target	  
group	  of	  hybrids.	  
Genetic	  diversity	  of	  publicly	  available	  hybrid	  
parents	  estimated	  using	  a	  large	  number	  of	  
markers	  distributed	  across	  the	  sorghum	  genome	  
(Y2)	  
Functional	  heterotic	  groups	  for	  ESA	  sorghum	  
hybrid	  breeding,	  as	  well	  as	  parental	  germplasm	  
pools	  based	  on	  these	  groups	  with	  short	  plant	  
height,	  desirable	  large	  white	  non	  tannin	  grain	  
types	  developed	  targeting	  multiple	  uses	  (Y3)	  
ICRISAT	  and	  NARS	   Breeders	  are	  more	  informed	  on	  
parent	  selection	  and	  on	  
potentials	  of	  the	  resulting	  of	  
hybrids	  	  
Breeders	  are	  accessing	  genetic	  
diversity	  information	  and	  are	  
better	  informed	  when	  planning	  
breeding	  activities	  
OT	  3.2.2:	  Superior	  hybrids	  developed	  with	  
adaptation	  to	  DL	  and	  with	  end	  users	  quality	  traits	  	  
Parental	  materials	  identified	  with	  attributes	  of	  
midge	  resistance,	  drought	  tolerance	  and	  multiple	  
uses	  traits	  	  
100-­‐150	  Experimental	  hybrids	  developed	  and	  
preliminary	  testing	  conducted	  in	  one	  site	  for	  each	  
of	  the	  four	  target	  countries	  in	  sites	  representing	  
the	  DL	  for	  drought	  and	  midge	  resistance	  screening	  	  
50-­‐70	  experimental	  hybrids	  evaluated	  in	  at	  least	  
two	  sites	  per	  target	  country	  for	  further	  screening	  
for	  drought,	  midge	  and	  striga	  resistance	  (Y3)	  	  
ICRISAT,	  NARS	  breeders,	   National	  breeders	  will	  access	  
diversified	  experimental	  hybrids	  
for	  evaluation	  in	  the	  targeted	  
environments	  	  
OT	  3.2.3:	  Farmer	  preferred	  hybrids	  identified	  for	  
dissemination	  in	  target	  production	  ecologies	  
Two	  sets	  each	  with	  25-­‐36	  of	  available	  
experimental	  hybrids	  targeting	  the	  dry	  lowlands	  
and	  the	  sub-­‐humid	  environment	  composed	  and	  
evaluated	  in	  advance	  d	  trials	  in	  the	  4	  target	  
countries	  (Y2)	  
Multi	  Environment	  trials	  conducted	  in	  the	  4	  target	  
countries	  and	  adaptability	  and	  stability	  in	  
performance	  established	  (Y3)	  
At	  least	  5-­‐8	  hybrids	  identified	  and	  Participatory	  
Hybrid	  Selection	  conducted	  with	  farmers	  and	  
industry	  targeting	  release	  for	  the	  identified	  agro	  
ecologies	  in	  the	  4	  countries	  (Y3)	  
ICRISAT,	  seed	  industry	  and	  NARS	   Farmer	  options	  and	  choices	  
improved	  on	  cultivars	  choices	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OT	  3.2.4:	  Early	  generation	  materials	  of	  sorghum	  
with	  adaptable	  and	  resistance	  to	  chronic	  biotic	  
and	  abiotic	  stresses	  developed	  	  
Segregating	  breeding	  populations	  developed	  
using	  parental	  lines	  with	  earliness,	  stay	  green	  and	  
grain	  quality	  characteristics	  preferred	  by	  end	  
users	  available	  for	  advancing	  by	  NARS	  breeders	  
targeting	  the	  DL	  and	  SH	  agro	  ecologies	  (Y2)	  
Diversified	  breeding	  populations	  and	  parental	  
lines	  with	  multiple	  disease	  and	  pests	  (midge)	  
resistance	  and	  with	  end	  users	  desired	  quality	  
attributes	  developed	  in	  partnerships	  with	  NARS	  
(Y2)	  
Introgression	  of	  striga	  resistance	  QTLs	  into	  elite	  
and	  farmer	  /industry	  preferred	  varieties	  initiated	  
following	  a	  proof	  of	  concept	  and	  success	  in	  using	  
MAS	  in	  developing	  striga	  resistant	  varieties	  (Y1)	  
ICRISAT,	  NARS	  and	  seed	  industry	  	   National	  breeders	  will	  access	  
diversified	  experimental	  hybrids	  
for	  evaluation	  in	  the	  targeted	  
environments	  	  
OT	  3.2.5	  Advanced	  generations	  of	  sorghum	  with	  
resistance	  to	  striga,	  midge	  and	  drought	  and	  with	  
multiple	  end	  uses	  evaluated	  for	  stability	  and	  
adaptability	  	  
Two	  sets	  each	  with	  25-­‐36	  of	  available	  advanced	  
lines	  targeting	  the	  dry	  lowlands	  and	  the	  sub-­‐
humid	  environment	  composed	  and	  evaluated	  in	  
advanced	  trials	  in	  the	  4	  target	  countries	  (Y2)	  
Multi	  Environment	  trials	  conducted	  in	  the	  4	  target	  
countries	  to	  establish	  adaptability	  and	  stability	  in	  
performance	  established	  (Y3)	  
At	  least	  5-­‐8	  varieties	  identified	  and	  Participatory	  
Variety	  Selection	  conducted	  with	  farmers	  and	  
industry	  targeting	  release	  for	  the	  identified	  agro	  
ecologies	  in	  the	  4	  countries	  (Y3)	  
ICRISAT,	  seed	  industry	  and	  NARS	   National	  and	  private	  sector	  
breeders	  will	  access	  diversified	  
experimental	  hybrids	  for	  
evaluation	  in	  the	  targeted	  
environments	  and	  will	  
contribute	  more	  effectively	  to	  
the	  communities	  	  
OT	  3.2.6	  Improved	  multiple	  use	  sorghum	  hybrids	  
and	  varieties	  with	  adaptation	  to	  key	  biotic	  and	  
abiotic	  stresses	  available	  for	  release	  	  
On	  station	  and	  on	  farm	  data	  synthesized	  to	  meet	  
regulatory	  requirements	  for	  release	  in	  at	  least	  1	  of	  
the	  target	  countries	  (Y2)	  
Seed	  production	  practicality	  for	  the	  elite	  sorghum	  
for	  multiple	  uses	  hybrids	  established	  (Y2)	  
NPT	  and	  DUS	  conducted	  for	  either	  a	  hybrid	  or	  
variety	  and	  a	  release	  proposal	  developed	  and	  
submitted	  in	  at	  least	  one	  of	  the	  countries	  (Y3)	  
Breeder	  seed	  quantities	  for	  the	  released	  hybrid	  or	  
variety	  available	  for	  further	  multiplication	  (Y3)	  
NARS	  breeders,	  industry,	  
ICRISAT	  	  
Farmers’	  choices	  on	  cultivar	  
options	  increased.	  	  
	  Dryland	  Cereals	  –	  Appendix	  7.	  Product	  Line	  Logframes	   161	  
Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
SC	  3	  –	  Integrating	  sustainable	  crop,	  pest	  and	  disease	  management	  options,	  and	  enhancing	  crop-­‐livestock	  integration,	  to	  capture	  genetic	  gains	  from	  improved	  varieties	  and	  
hybrids	  
OT	  3.3.1	  Profitability	  of	  input	  use	  for	  hybrid	  
cultivation	  evaluated	  in	  target	  production	  
systems,	  including	  under	  a	  wide	  range	  of	  
constraints:	  such	  as	  Striga	  infestation,	  low	  soil	  
fertility,	  delayed	  sowing	  and	  high	  weed	  pressure,	  
water	  logging,	  terminal	  drought,	  various	  diseases	  
and	  intercropping	  options	  
Integrated	  practices	  for	  hybrids	  with	  Striga	  and	  
soil	  fertility	  management	  tested	  with	  farmers	  in	  at	  
least	  two	  countries	  (Y2)	  
Agronomic	  and	  economic	  data	  analyses	  
conducted	  to	  determine	  the	  most	  effective	  and	  
economic	  options	  for	  dissemination	  (Y3)	  
Farmer	  participatory	  evaluation	  of	  three	  identified	  
weed	  management	  options	  conducted	  (Y3)	  to	  
determine	  their	  efficiency	  and	  cost	  effectiveness	  
(Y3)	  	  
ICRISAT	  and	  NARS	   Farmers	  participating	  in	  
validation	  of	  integrated	  
technologies	  are	  able	  to	  
determine	  best	  bet	  
management	  options	  
OT	  3.3.2	  Benefits	  and	  risks	  of	  hybrid	  cultivation	  
options	  evaluated	  with	  different	  types	  of	  farmers	  
(e.g.	  market	  oriented,	  gender,	  importance	  of	  
livestock	  or	  other	  sources	  of	  farm	  income)	  
Prototypes	  for	  mechanization	  tools	  especially	  for	  
small	  scale	  subsistence	  farmers	  for	  row	  planting	  
and	  weeding	  availed	  and	  manufactured	  by	  
artisans	  (Y2)	  	  
On	  farm	  participatory	  evaluation	  of	  the	  
mechanization	  tools	  and	  their	  efficiency	  and	  cost	  
effectiveness	  tested	  (Y3)	  
NARS,	  ICRISAT	  and	  farmers	  	   Farmer	  groups	  categories	  have	  
access	  to	  appropriate	  and	  
relevant	  farm	  mechanization	  
tools	  and	  their	  farming	  is	  more	  
efficient	  	  
SC	  4	  –	  Promoting	  effective	  seed	  dissemination	  for	  better	  delivery	  of	  improved	  cultivars	  to	  smallholder	  farmers	  
OT	  3.4.1	  Reliable	  and	  profitable	  hybrid	  seed	  
production	  schemes	  developed	  with	  stakeholders	  
for	  target	  production	  systems	  
Practicality	  of	  producing	  basic	  seed	  of	  elite/	  
released	  hybrids	  tested	  with	  stakeholders	  (e.g.	  
seed	  companies)	  documented	  and	  shared	  broadly	  	  
At	  least	  2	  seed	  delivery	  models	  identified	  to	  be	  
most	  effective	  and	  efficient	  adopted	  for	  
disseminating	  quality	  seed	  of	  hybrids	  in	  each	  of	  
the	  target	  countries	  	  
	   Actors	  in	  seed	  delivery	  learn	  
lessons	  and	  improve	  their	  
delivery	  system	  for	  more	  
effectiveness	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OT	  3.4.2	  Farmers’	  seed	  supply	  and	  management	  
systems	  sufficiently	  characterized	  to	  develop	  
effective	  seed	  production	  and	  marketing	  chains	  
for	  hybrids	  
A	  rapid	  appraisal	  conducted	  on	  farmers	  seed	  
supply	  and	  management	  systems	  and	  their	  
suitability	  for	  hybrid	  seed	  production	  documented	  
(Y2)	  	  
Innovations	  on	  how	  to	  improve	  the	  local	  seed	  
production	  and	  marketing	  system	  discussed	  with	  
farmers	  and	  other	  stakeholders	  to	  establish	  
possibilities	  of	  accommodating	  hybrid	  seed	  
production	  (Y3)	  
NARS,	  ICRISAT	  and	  farmers	   Farmers	  systems,	  role	  and	  
effectiveness	  in	  seed	  delivery	  is	  
improved	  	  
OT	  3.4.3	  Emergence	  of	  hybrid	  seed	  enterprises	  
supported	  and	  their	  development	  documented	  
At	  least	  four	  seed	  companies	  operating	  regionally	  
and	  4	  operating	  locally	  in	  the	  targeted	  countries	  
identified	  to	  fast	  track	  hybrid	  seed	  production	  (Y2)	  	  
A	  sorghum	  hybrid	  seed	  platform	  established	  with	  
representing	  companies	  drawn	  from	  the	  four	  
target	  countries	  (Y3)	  	  
Seed	  money	  provided	  to	  initiate	  the	  functioning	  
of	  the	  platform	  and	  sustainability	  plans	  for	  the	  
platform	  articulated	  and	  documented	  (Y3)	  
ICRISAT,	  NARS,	  NGOs,	  	   Policy	  makers	  on	  seed	  more	  
informed	  about	  the	  importance	  
of	  the	  finger	  millet	  subsector	  
and	  are	  more	  likely	  to	  create	  a	  
more	  favourable	  policy	  
environment	  for	  the	  crop	  	  
SC	  5	  –	  Promoting	  post-­‐harvest	  value	  addition	  and	  market	  access	  to	  enhance	  income	  of	  smallholder	  dryland	  cereal	  producers	  	  
OT	  3.5.1	  Farmer	  organizations	  engaged	  in	  bulk	  
sales	  of	  grain,	  grain	  wholesalers,	  and	  others	  
buying	  bulk	  grain	  engaged	  in	  testing	  sorghum	  
hybrid	  production	  and	  marketing	  schemes	  	  
Producer	  marketing	  groups	  (PMGs)	  availed	  with	  
basic	  seed	  of	  hybrids	  and	  popular	  varieties	  to	  
evaluate	  productivity	  in	  high	  potential	  and	  
marginal	  environments	  (Y2)	  
Labor-­‐saving	  and	  low-­‐cost	  options	  for	  harvesting	  
and	  post	  -­‐	  harvest	  handling	  identified	  and	  
acquired	  for	  PMG	  for	  improving	  grain	  cleanliness	  	  
Participatory	  testing	  of	  post-­‐harvest	  equipment	  
conducted	  with	  farmers	  including	  women	  in	  each	  
of	  the	  targeted	  countries	  to	  ensure	  practicality	  
and	  utility	  by	  both	  gender	  
At	  least	  one	  platform	  in	  each	  target	  country	  
linking	  farmers	  to	  processors	  and	  traders	  
established	  to	  discuss	  marketing	  opportunities	  
and	  pricing	  for	  cleaned	  grain	  	  
Private	  sector,	  ICRISAT	  and	  
NARS	  
Farmers	  saved	  labour	  from	  post	  
harvesting	  handling	  used	  in	  
other	  productive	  activities	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OT	  3.5.2	  Models	  for	  facilitating	  farmers’	  access	  to	  
inputs	  and	  finances	  identified	  and	  evaluated	  
At	  least	  one	  platform	  in	  each	  target	  country	  
linking	  farmers	  to	  agro	  dealer	  or	  input	  suppliers	  
and	  grain	  buyers	  established	  to	  enhance	  input	  
access	  and	  marketing	  opportunities	  
Finance	  and	  credit	  institutions	  identified	  and	  at	  
least	  one	  platform	  linking	  farmers	  to	  financial	  
institutions	  and	  grain	  buyers	  established	  in	  each	  
target	  country	  to	  enhance	  input	  and	  output	  
markets	  
Contractual	  arrangements	  between	  farmers/	  
farmer	  groups/	  PMG	  with	  input	  suppliers	  and	  
financial	  institutions	  monitored	  	  
ICRISAT	  Private	  sector	  	   Farmers	  have	  market	  linkages	  
options	  and	  diversified	  products	  
Farmers	  experience	  increased	  
production	  and	  profitability	  as	  a	  
result	  of	  accessing	  finance	  for	  
input	  purchase	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  LINE	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Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
SC	  1	  –	  Assembling	  and	  making	  accessible	  data	  and	  knowledge	  for	  better	  targeting	  of	  dryland	  cereal	  technologies	  to	  enhance	  their	  adoption	  by	  smallholder	  farmers	  
OT	  4.1.1	  Multimedia	  and	  communication	  channels	  
to	  increase	  awareness	  about	  food,	  nutritional	  and	  
income	  security	  garnered	  from	  finger	  millet	  
production,	  marketing	  and	  consumption	  	  
Communication	  products	  on	  food,	  nutritional	  and	  
income	  benefits	  developed	  (Y1)	  
At	  least	  three	  platforms	  developed	  for	  different	  
stakeholders	  in	  each	  country	  to	  share	  the	  
packaged	  information	  (Y1)	  
At	  least	  three	  dissemination	  channels	  identified	  
and	  used	  by	  the	  two	  countries	  to	  reach	  a	  least	  
three	  stakeholder	  groups	  (Y2)	  
ICRISAT	  	   Stakeholders	  have	  increased	  
awareness	  on	  the	  food,	  
nutritional	  and	  income	  
attributes	  of	  finger	  millet	  	  
OT	  4.1.2	  Research	  gaps	  at	  country	  and	  regional	  
level	  established	  to	  facilitate	  research	  and	  
development	  priority	  setting	  along	  the	  value	  chain	  	  
Stakeholders	  are	  engaged	  in	  identification	  of	  
research	  gaps	  in	  target	  countries	  (Y1)	  	  
Baseline	  data	  on	  traits	  required	  by	  farmers,	  
industry	  and	  consumers	  collected,	  synthesized	  
and	  presented	  to	  stakeholders	  (Y1)	  
Priorities	  for	  finger	  millet	  research	  and	  
development	  defined	  and	  communicated	  to	  SRO	  
for	  harmonization	  and	  refinement	  	  
ICRISAT,	  ASARECA	  and	  NARS	  	   Research	  and	  Development	  
stakeholders	  are	  more	  clear	  on	  
priorities	  for	  appropriate	  
focusing	  and	  targeting	  of	  
resources	  	  
OT	  4.1.3	  Database	  and	  information	  synthesized	  
and	  presented	  in	  user	  friendly	  language	  and	  
format	  to	  processors	  and	  other	  private	  and	  public	  
sector	  stakeholders	  	  
Existing	  information	  on	  technologies,	  innovations	  
and	  best	  bet	  practices	  and	  knowledge	  in	  the	  2	  
countries	  identified	  and	  packaged	  	  
At	  least	  three	  information	  packages	  for	  different	  
audiences	  developed	  in	  user	  friendly	  languages	  in	  
each	  country	  (Y2)	  
Consumers	  and	  producer	  demands	  for	  specific	  
traits	  understood	  based	  on	  thorough	  baseline	  
data	  set	  generated	  from	  all	  stakeholders	  along	  the	  
value	  chain	  
ICRISAT,	  Global	  Diversity	  and	  
NARS	  
Processors	  and	  other	  
stakeholders	  are	  well	  informed	  
on	  types	  of	  products	  that	  are	  
needed	  by	  consumers	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Strategic	  Component/Output	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   Milestones	   Lead	  institute(s)	   Outcomes	  
SC	  2	  –	  Developing	  improved	  dryland	  cereal	  varieties	  and	  hybrids	  for	  increased	  grain	  and	  stover	  yield,	  quality	  and	  adaptation	  in	  smallholder	  farmers’	  fields	  
OT	  4.2.1	  Agro	  ecologies	  and	  recommendation	  
domains	  delineated	  and	  characterized	  for	  
informed	  and	  targeted	  breeding,	  evaluation,	  
dissemination	  and	  scaling	  out	  using	  benchmark	  
test	  sites	  and	  identification	  of	  areas	  for	  
dissemination	  and	  scaling	  out	  of	  technologies	  	  
GIS	  maps	  developed	  (based	  on	  biophysical	  data)	  
to	  demonstrate	  areas	  for	  technology	  and	  
innovation	  testing,	  dissemination	  and	  scaling	  out	  
(Y1)	  
Breeding	  targets	  identified	  for	  at	  least	  2-­‐3	  major	  
agro	  -­‐	  ecologies	  where	  finger	  millet	  is	  produced	  
and	  adapted	  	  
Test	  sites	  identified,	  characterized	  and	  stratified	  
to	  provide	  researchers	  with	  benchmark	  sites	  for	  
technology	  testing	  	  
ICRISAT,	  Global	  Diversity	  and	  
NARS	  
Breeders	  increase	  efficiency	  by	  
focusing	  on	  the	  most	  important	  
agro	  ecology	  and	  by	  using	  a	  few	  
benchmark	  sites	  that	  are	  well	  
characterized	  	  
OT	  4.2.2	  Germplasm	  collection	  gaps	  established	  
for	  targeted	  collection	  and	  detailed	  genetic	  
diversity	  information	  generated	  using	  
morphological	  and	  molecular	  tools	  for	  
characterization	  
Finger	  millet	  germplasm	  collection	  gaps	  
identified	  in	  the	  2	  targeted	  countries	  and	  
collection	  missions	  organized	  to	  fill	  gaps	  (Y2)	  	  
Finger	  millet	  germplasm	  collated	  and	  
characterization	  conducted	  in	  and	  using	  
morphological	  and	  appropriate	  molecular	  
tools	  (Y3).	  	  
Trait	  specific	  germplasm	  assembled	  /grouped	  and	  
evaluated	  to	  determine	  adaptability,	  yield	  
potentials,	  resistance	  to	  biotic	  and	  abiotic	  
stresses,	  quality	  and	  end	  uses	  (Y3)	  
ICRISAT,	  Global	  Diversity	  and	  
NARS	  
Breeders	  are	  accessing	  robust	  
genetic	  diversity	  information	  
and	  are	  better	  able	  to	  plan	  
breeding	  activities	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   Lead	  institute(s)	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OT	  4.2.3	  Stable	  sources	  of	  finger	  millet	  blast	  and	  
striga	  resistance	  identified	  	  
Finger	  millet	  striga	  endemic	  areas	  identified	  for	  
use	  as	  hot	  spot	  sites	  for	  screening	  (Y1)	  	  
45	  to	  60	  available	  blast	  resistance	  sources	  
evaluated	  for	  two	  seasons	  at	  hot	  spots	  sites	  
chosen	  to	  represent	  key	  agro	  ecologies	  and	  where	  
blast	  reaction	  has	  not	  been	  characterized	  (Y3)	  	  
About	  40	  to	  50	  available	  striga	  resistance	  sources	  
and	  farmer	  varieties	  evaluated	  for	  2	  seasons	  in	  
hot	  spot	  sites	  in	  Ethiopia	  and	  Uganda	  chosen	  to	  
represent	  the	  three	  key	  agro	  ecologies	  (Y3)	  
About	  20-­‐25	  lines	  selected	  for	  striga	  and	  blast	  
resistance	  and	  evaluated	  in	  hot	  spot	  sites	  to	  
determine	  lines	  with	  resistance	  to	  both	  stresses	  	  
ICRISAT,	  Global	  Diversity	  and	  
NARS	  
Breeders	  using	  a	  characterized	  
and	  broadened	  finger	  millet	  
genetic	  resource	  base	  are	  more	  
efficient	  and	  effective	  crop	  
improvement	  programs	  
Pathologist	  understand	  and	  
access	  new	  sources	  of	  resistance	  
and	  use	  these	  in	  selection	  for	  
blast	  and	  striga	  resistance	  	  
OT	  4.2.4	  Finger	  millet	  varieties	  identified	  for	  
drought	  resistant	  and	  desired	  head	  and	  grain	  
characteristics	  
Morphological	  data	  from	  the	  available	  finger	  
millet	  core	  collection	  of	  400-­‐500	  accessions	  
grouped	  by	  maturity,	  and	  3	  maturity	  groups	  
evaluated	  in	  an	  off	  season	  nursery	  with	  drought	  
imposed	  at	  flowering	  in	  Uganda	  and	  Ethiopia	  (Y2)	  
40-­‐50	  lines	  selected	  identified	  from	  the	  3	  maturity	  
groups	  evaluated	  in	  one	  site	  each	  (in	  Ethiopia	  and	  
Uganda	  )	  for	  drought	  tolerance,	  adaptation	  to	  
target	  production	  environments	  and	  for	  desired	  
agronomic,	  head,	  grain	  and	  nutritional	  
characteristic	  (Y3)	  
ICRISAT,	  Global	  Diversity	  and	  
NARS	  
Breeders	  access	  broader	  sources	  
of	  drought	  resistance,	  
agronomic,	  adaptation	  and	  
quality	  traits	  
OT	  4.2.5	  Breeding	  populations	  and	  lines	  
developed	  with	  resistance	  to	  drought	  and	  
problem	  soils	  as	  well	  as	  resistance	  to	  striga	  and	  
blast	  and	  with	  farmer	  /	  end-­‐user	  preferred	  traits	  
Blast	  and	  striga	  resistant	  and	  drought	  tolerant	  
lines	  and	  farmer	  preferred	  varieties	  from	  the	  
target	  countries	  and	  regions	  identified	  and	  
breeding	  populations	  developed	  (Y2)	  
About	  40	  to	  50	  lines	  including	  those	  with	  
resistance	  to	  striga	  and	  blast	  resistance	  evaluated	  
in	  problem	  soils	  (degraded	  and	  acidic	  soils)	  
representing	  the	  diverse	  soil	  conditions	  in	  key	  
agro	  ecologies	  (Y3)	  
ICRISAT	  and	  NARS	  	   Breeders	  using	  diverse	  sources	  
of	  disease	  resistance,	  stress	  
tolerance,	  and	  grain	  quality	  are	  
able	  to	  develop	  better	  adapted	  
varieties	  and	  with	  stable	  
performance	  
Breeders	  are	  able	  to	  sustainably	  
develop	  materials	  that	  combine	  
a	  number	  of	  traits	  
	  Dryland	  Cereals	  –	  Appendix	  7.	  Product	  Line	  Logframes	   167	  
Strategic	  Component/Output	  targets	   Milestones	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OT	  4.2.6	  High	  yielding	  varieties	  tested	  in	  regional	  
multi-­‐environment	  trials	  (MET)	  in	  representative	  
sites	  of	  the	  targeted	  agro-­‐ecologies	  in	  the	  target	  
countries	  to	  establish	  adaptability	  and	  stability	  in	  
performance	  	  
A	  set	  of	  25-­‐36	  finger	  millet	  elite	  materials	  with	  
resistance	  to	  striga,	  blast	  drought	  and	  problem	  
soils	  composed	  (Y2)	  
A	  regional	  finger	  millet	  variety	  trial	  with	  25-­‐36	  
evaluated	  for	  two	  seasons	  in	  three	  sites	  for	  each	  
of	  the	  two	  target	  countries	  (Y3)	  	  
MET	  data	  collated	  for	  joint	  analysis	  and	  
interpretation	  by	  breeders	  undergoing	  MET	  data	  
analysis	  to	  establish	  stability	  and	  adaptability	  in	  
performance	  
ICRISAT	  and	  NARS	   Breeders	  and	  farmers	  will	  have	  
increased	  in	  materials	  that	  are	  
targeted	  for	  release	  	  
Farmers	  preferred	  varieties	  
identified	  for	  proposing	  into	  the	  
release	  system	  	  
OT	  4.2.7	  Grain	  quality	  characteristics	  and	  
nutritional	  attributes	  of	  improved	  varieties	  
determined,	  published	  and	  shared	  with	  
stakeholders	  
15	  -­‐20	  best	  performing	  varieties	  milestone	  
increased	  for	  micronutrient	  analyses	  and	  profiling	  
(Y1)	  
Grain	  quality	  analysis	  conducted	  for	  15-­‐20	  elite	  
and	  farmers	  /	  industry	  preferred	  varieties	  (Y2)	  
Communication	  products	  on	  nutritional	  status	  of	  
improved	  finger	  millet	  developed	  and	  shared	  with	  
stakeholders	  and	  farmers	  in	  the	  two	  countries	  and	  
also	  across	  the	  region	  (Y3)	  
NARS,	  ICRISAT	  and	  industry	  	   Farmers	  who	  are	  better	  
informed	  of	  the	  nutritional	  
profile	  of	  the	  varieties	  can	  use	  
that	  to	  negotiate	  for	  better	  
pricing	  with	  output	  market	  
OT	  4.2.8	  Partners	  supported	  with	  data	  required	  by	  
regulatory	  system	  to	  facilitate	  variety	  release	  	  
At	  least	  3-­‐6	  varieties	  that	  meet	  industry	  and	  
farmer	  grain	  and	  product	  quality	  preferences	  
identified	  by	  each	  target	  countries	  	  
Participatory	  Variety	  Selection	  conducted	  using	  at	  
most	  8	  varieties	  and	  data	  collected,	  synthesized	  
and	  presented	  to	  seed	  regulatory	  system	  (Y3)	  	  
Seed	  regulatory	  requirements	  understood	  for	  
each	  country	  and	  on	  station	  and	  on	  farm	  data	  
synthesized	  and	  presented	  to	  the	  seed	  release	  
committee	  (Y3)	  	  
NARS	  breeders	  and	  seed	  
certification	  agencies	  	  
Breeders	  are	  able	  to	  sustainably	  
develop	  and	  release	  materials	  
that	  combine	  a	  number	  of	  traits	  
Farmers	  are	  able	  to	  adopt	  and	  
grow	  improved	  varieties	  that	  
have	  quality	  attributes	  required	  
by	  industry	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OT	  4.2.9	  Communication	  products	  and	  
information	  on	  improved	  varieties	  for	  targeted	  
agro	  ecologies	  and	  end	  users	  preferences	  
developed	  and	  disseminated	  
Information	  needs	  along	  the	  finger	  millet	  value	  
chain	  identified	  during	  finger	  millet	  field	  days	  and	  
meetings	  	  
A	  least	  3	  communications	  products	  each	  with	  a	  
key	  message	  on	  varieties,	  crop	  husbandry,	  end	  
uses	  and	  nutritional	  attributes	  developed	  and	  
shared	  with	  stakeholders	  (Y3)	  
At	  least	  three	  platforms	  developed	  for	  different	  
stakeholders	  in	  each	  country	  to	  share	  the	  
packaged	  information	  (Y3)	  	  
Communication	  products	  translated	  into	  user	  
friendly	  languages	  for	  sharing	  with	  a	  broader	  
stakeholder	  group	  (Y3)	  
ICRISAT	  and	  NARS	  	   Industry,	  consumers	  and	  
farmers	  better	  informed	  on	  
available	  varieties	  for	  
processing,	  consumption	  and	  
production	  	  
SC	  3	  –	  Integrating	  sustainable	  crop,	  pest	  and	  disease	  management	  options,	  and	  enhancing	  crop-­‐livestock	  integration,	  to	  capture	  genetic	  gains	  from	  
improved	  varieties	  and	  hybrids	  
OT	  4.3.1	  Weed	  management	  options	  including	  
herbicides	  assessed	  with	  farmers	  for	  targeted	  
agro	  ecologies	  	  
Three	  to	  four	  practices	  integrating	  herbicide	  use	  
with	  complementary	  management	  practices	  for	  
effective	  control	  of	  weeds	  identified	  and	  verified	  
on	  station	  (Y1)	  
Farmer	  participatory	  evaluation	  of	  three	  identified	  
weed	  management	  options	  conducted	  to	  
determine	  their	  efficiency	  and	  cost	  effectiveness	  
(Y3)	  
ICRISAT	  and	  NARS	   Farmers	  participating	  in	  
validation	  of	  integrated	  
technologies	  are	  able	  to	  
determine	  best	  bet	  
management	  options	  
OT	  4.3.2	  Options	  for	  appropriate	  and	  affordable	  
mechanization	  tools	  to	  improve	  labor	  efficiency	  
and	  minimize	  drudgery	  for	  farm	  production	  
evaluated	  with	  farmers	  and	  fabricators	  	  
Prototypes	  for	  mechanization	  tools	  especially	  for	  
finger	  millet	  row	  planting	  and	  weeding	  availed	  
and	  manufactured	  by	  artisans	  (Y2)	  	  
On	  farm	  participatory	  evaluation	  of	  the	  
mechanization	  tools	  and	  their	  efficiency	  and	  cost	  
effectiveness	  tested	  (Y3)	  
NARS,	  ICRISAT	  and	  farmers	  	   Farmers	  will	  experience	  
improved	  profitability	  and	  
reduced	  drudgery	  for	  finger	  
millet	  production	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Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
OT	  4.3.3	  Options	  for	  effectively	  integrating	  
improved	  varieties	  and	  fertiliser	  microdosing	  
established	  for	  intensification	  and	  enhancing	  
productivity	  	  
Performance	  of	  4	  released	  and	  or	  elite	  varieties	  
with	  complementary	  fertility	  (including	  
microdosing)	  and	  weed	  management	  practices	  
evaluated	  by	  20-­‐40	  farmers	  in	  each	  of	  the	  target	  
countries	  (Y2)	  
Productivity,	  potential	  risks	  and	  profitability	  of	  the	  
tested	  varieties	  assessed	  and	  documented	  for	  at	  
least	  one	  agro	  ecology	  I	  each	  of	  the	  targeted	  
countries	  (Y3)	  
At	  least	  one	  platform	  in	  each	  target	  country	  
linking	  farmers	  to	  inputs	  such	  as	  seed	  and	  
fertiliser	  e.g.	  through	  agro	  dealers	  established	  
(Y3)	  	  
NARS,	  ICRISAT	  and	  farmers	   Farmers	  will	  have	  a	  wide	  range	  
of	  weed	  and	  fertility	  
management	  options	  for	  their	  
specific	  agro	  ecologies	  and	  
resources	  availability	  	  
SC	  4	  –	  Promoting	  effective	  seed	  dissemination	  for	  better	  delivery	  of	  improved	  cultivars	  to	  smallholder	  farmers	  
OT	  4.4.1	  Alternative	  seed	  delivery	  models	  and	  
practices	  involving	  diverse	  actors	  reviewed	  and	  
lessons	  drawn	  on	  their	  effectiveness	  and	  
practicality	  for	  the	  dryland	  cereals	  
Alternative	  seed	  delivery	  models	  assessed	  in	  each	  
of	  the	  target	  countries	  and	  modality	  of	  operations	  
documented	  (Y1)	  
At	  least	  2	  seed	  delivery	  models	  identified	  to	  be	  
most	  effective	  and	  efficient	  adopted	  for	  
disseminating	  quality	  seed	  of	  improved	  varieties	  
in	  each	  of	  the	  countries	  	  
	   Actors	  in	  seed	  delivery	  learn	  
lessons	  and	  improve	  their	  
delivery	  system	  for	  increased	  
effectiveness	  	  
OT	  4.4.2	  Farmers’	  seed	  supply	  and	  management	  
systems	  characterized	  to	  develop	  effective	  seed	  
production	  and	  marketing	  models	  in	  target	  
countries	  and	  production	  systems	  in	  ESA	  
A	  rapid	  appraisal	  conducted	  and	  information	  on	  
Ethiopia	  and	  Uganda	  finger	  miller	  farmers	  seed	  
supply	  and	  management	  system	  documented	  (Y2)	  	  
Innovations	  on	  how	  to	  improve	  the	  local	  seed	  
production	  and	  marketing	  system	  in	  Ethiopia	  and	  
Uganda	  discussed	  with	  farmers	  and	  other	  
stakeholders	  and	  documented	  (Y3)	  
NARS,	  ICRISAT	  and	  farmers	   Farmers	  systems	  and	  role	  in	  
seed	  delivery	  is	  improved	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  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
OT	  4.4.3	  Seed	  regulations,	  frameworks	  and	  
policies	  studied	  to	  establish	  effectiveness	  in	  
enhancing	  farmers	  access	  to	  finger	  millet	  seed	  in	  
target	  as	  well	  as	  other	  countries	  in	  ESA	  	  
A	  review	  of	  seed	  regulations	  and	  policies	  
conducted	  and	  policy	  statements	  that	  impact	  on	  
finger	  millet	  documented	  (Y2)	  
2	  Policy	  briefs	  (one	  per	  country)	  that	  provide	  
recommendations	  on	  integration	  of	  the	  finger	  
millet	  seed	  systems	  generated	  and	  circulated	  to	  
stakeholders	  (Y3)	  
ICRISAT,	  NARS,	  NGOs,	  	   Policy	  makers	  on	  seed	  more	  
informed	  about	  the	  importance	  
of	  the	  finger	  millet	  subsector	  
and	  are	  more	  likely	  to	  create	  a	  
more	  favorable	  policy	  
environment	  for	  the	  crop	  	  
SC	  5	  –	  Promoting	  post-­‐harvest	  value	  addition	  and	  market	  access	  to	  enhance	  income	  of	  smallholder	  dryland	  cereal	  producers	  	  
OT	  4.5.1	  Appropriate	  and	  gender	  responsive	  post-­‐
harvest	  technologies	  identified,	  tested	  and	  
promoted	  using	  participatory	  approaches	  to	  
minimize	  drudgery	  and	  enhance	  grain	  quality	  and	  
cleanliness	  for	  better	  market	  pricing	  
Labor-­‐saving	  and	  low-­‐cost	  options	  for	  post	  -­‐	  
harvest	  handling	  and	  processing	  of	  finger	  millet	  
identified	  and	  acquired	  for	  experimentation	  (Y1)	  
Participatory	  testing	  of	  post-­‐harvest	  equipment	  
conducted	  with	  farmers	  including	  women	  in	  each	  
of	  the	  targeted	  countries	  to	  ensure	  practicality	  
and	  utility	  by	  both	  gender	  
At	  least	  one	  platform	  in	  each	  target	  country	  
linking	  farmers	  to	  processors	  and	  traders	  
established	  to	  discuss	  marketing	  opportunities	  
and	  pricing	  for	  cleaned	  grain	  	  
Private	  sector,	  ICRISAT	  and	  
NARS	  
Farmers	  saved	  labor	  from	  post	  
harvesting	  handling	  used	  in	  
other	  productive	  activities	  	  
OT	  4.5.2	  Linkages	  established	  with	  processors	  for	  
food	  and	  non-­‐food	  uses	  to	  pursue	  optional	  and	  
efficient	  farmer	  market	  linkages	  and	  product	  
diversification	  to	  increase	  income	  and	  enhance	  
utilization	  
Processors,	  local	  traders	  and	  exporters	  of	  finger	  
millet	  identified	  in	  each	  of	  the	  targeted	  countries	  
for	  linking	  with	  famers	  	  
At	  least	  one	  platform	  in	  each	  target	  country	  
linking	  farmers	  to	  food	  processors	  and	  traders	  
established	  to	  enhance	  marketing	  opportunities	  
At	  least	  one	  platform	  in	  each	  target	  country	  
linking	  farmers	  to	  exporters	  and	  traders	  s	  
established	  to	  enhance	  marketing	  opportunities	  
ICRISAT	  Private	  sector	  	   Farmers	  have	  options	  for	  
market	  linkages	  and	  consumers	  
increased	  choices	  for	  diversified	  
products	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Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
OT	  4.5.3	  Processing	  characteristics	  and	  nutritional	  
profile	  for	  finger	  millet	  determined	  and	  
information	  packaged	  and	  availed	  to	  stakeholders	  	  
Pilot	  testing	  of	  industrial	  and	  laboratory	  
processing	  of	  varieties	  and	  analysis	  of	  the	  
nutritional	  qualities	  of	  the	  grain	  	  
Nutritional	  profile	  of	  finger	  millet	  established	  for	  
10	  finger	  millet	  improved	  and	  released	  varieties	  	  
Food	  quality	  laboratories,	  
ICRISAT,	  NARS	  and	  private	  
sector	  	  
Industry	  and	  consumers	  have	  a	  
nutritional	  profile	  for	  finger	  
millet	  varieties	  to	  make	  
informed	  selection	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PRODUCT	  LINE	  5.	  MULTI-­‐PURPOSE	  BARLEY	  PRODUCTION	  TECHNOLOGIES	  TO	  MEET	  FOOD,	  FEED	  AND	  FODDER	  DEMANDS	  IN	  THE	  DRY	  REGIONS	  OF	  AFRICA	  AND	  ASIA	  
Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcome	  
SC	  1	  –	  Assembling	  and	  making	  accessible	  data	  and	  knowledge	  for	  better	  targeting	  of	  dryland	  cereal	  technologies	  to	  enhance	  their	  adoption	  by	  smallholder	  farmers	  
OT	  5.1.1	  Regional	  and	  country	  research	  gaps	  and	  
priorities	  are	  established,	  documented	  and	  used	  
to	  organize	  collaborative	  research	  programs	  with	  
the	  CRP	  to	  benefit	  barley	  small	  farmers	  in	  Africa	  
and	  Asia.	  
Inception	  workshops	  are	  held	  to	  update	  and	  
document	  research	  gaps	  and	  priorities	  and	  
establish	  work	  plans	  by	  focal	  countries	  and	  priority	  
region	  (Y1)	  
Specific	  country	  research	  teams	  (feed	  malt	  and	  
food	  barley	  livestock	  and	  commodity	  value	  chain)	  
are	  active	  in	  the	  development	  and	  promotion	  of	  
appropriate	  deliverables,	  to	  meet	  the	  assigned	  
objectives	  (Y1,	  2,	  3)	  
The	  research	  teams	  are	  recognized	  and	  have	  the	  
full	  back	  up	  from	  country	  policy	  makers	  and	  
regional	  partners	  (Y1).	  	  
The	  research	  teams	  are	  forming	  an	  organized	  
regional	  scientist	  critical	  mass	  and	  seeking	  to	  
evolve	  as	  a	  pro-­‐active	  pro	  small	  farmers	  and	  pro-­‐
dryland	  regional	  forum	  (Y	  3).	  
ICARDA	  for	  regional	  actions	  and	  
activities	  (workshop,	  facilitation,	  
training,	  others	  horizontal	  
activities).	  
NARS	  of	  focal	  partners	  
countries,	  would	  lead	  country	  
work	  plans	  implementations	  
and	  most	  vertical	  activities	  
Shared	  ICARDA-­‐NARS	  
responsibility	  for	  work	  plans	  
implementation.	  
NARS	  Management	  and	  ICARDA	  
(International	  Cooperation).	  
ICARDA	  and	  Management	  of	  the	  
main	  research	  and	  development	  
institutions	  from	  agriculture	  and	  
higher	  education	  (MOA	  and	  
MHE)	  
Priority	  collaborative	  research	  
program,	  responding	  to	  the	  
needs	  of	  small	  farmers	  are	  
implemented	  and	  are	  producing	  
and	  delivering	  technologies	  in	  
focal	  countries	  of	  Africa	  
(Morocco,	  Ethiopia)	  and	  Asia	  
(Syria,	  Kazakhstan,	  Iran,	  India)	  
by	  organized	  country	  and	  
regional	  research	  teams.	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Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcome	  
SC	  2	  –	  Developing	  improved	  dryland	  cereal	  varieties	  and	  hybrids	  for	  increased	  grain	  and	  stover	  yield,	  quality	  and	  adaptation	  in	  smallholder	  farmers’	  fields	  
OT	  5.2.1	  Methodologies	  combining	  classical	  
breeding	  and	  molecular	  breeding	  tools	  are	  
currently	  used	  to	  allow	  faster	  identification	  and	  
promotion	  of	  germplasm	  (better	  adapted,	  highly	  
productive	  and	  with	  enhanced	  quality)	  that	  would	  
ensure	  steady	  development	  of	  varieties	  	  
Mechanism	  of	  regional	  interactions	  in	  germplasm	  
enhancement	  and	  participatory	  regional	  testing	  
programs	  are	  established	  and	  implemented,	  
particularly	  for	  low	  input	  widely	  adapted	  
germplasm	  
Regional	  assets	  in	  germplasm	  enhancement	  
activities	  dealing	  with	  genetic	  and	  physiological	  
evidence	  of	  drought	  tolerance	  are	  shared	  and	  
organized	  to	  meet	  the	  breeding	  objectives	  	  
Better	  germplasm	  responding	  to	  the	  needs	  
expressed	  
Superior	  germplasm	  for	  feed,	  food	  and	  malt	  
quality	  is	  identified	  and	  used	  in	  the	  breeding	  
programs	  
Capacity	  building	  (degree	  and	  non-­‐degree)	  of	  staff	  
in	  the	  focus	  countries	  and	  the	  regional	  partners	  
(impacts	  countries)	  is	  significantly	  increased	  	  
NARS	  of	  focus	  countries	  
primarily	  with	  backstopping	  by	  
ICARDA	  
NARS	  of	  the	  region	  with	  
facilitations	  from	  ICARDA	  
NARS	  and	  ICARDA	  
NARS	  with	  backstopping	  from	  
ICARDA	  and	  Higher	  Education	  
partners.	  
Breeding	  programs	  of	  CRP	  focal	  
countries	  of	  Africa	  and	  Asia	  are	  
strengthened,	  getting	  
backstopping	  and	  interactions	  
from	  scientific	  partners	  (CG	  
Centres,	  advanced	  research	  
institutions	  and	  universities)	  to	  
respond	  to	  expressed	  priority	  
needs	  of	  smallholder	  farmers.	  
Improved	  dryland	  superior	  
germplasm	  that	  would	  bring	  the	  
steady	  development	  of	  better	  
adapted	  and	  highly	  productive	  
varieties	  is	  available	  (Y3	  to	  10)	  
SC	  3	  –	  Integrating	  sustainable	  crop,	  pest	  and	  disease	  management	  options,	  and	  enhancing	  crop-­‐livestock	  integration,	  to	  capture	  genetic	  gains	  from	  improved	  varieties	  and	  
hybrids	  
OT	  5.3.1	  Germplasm	  carrying	  source	  of	  resistance	  
to	  planned	  biotic	  stresses	  is	  identified,	  distributed	  
and	   used	   in	   the	   breeding	   programs	   to	   be	  
incorporated	   in	   already	   accepted	   varieties	   or	   in	  
new	  varieties	  to	  come	  
Systematic	  task	  force	  are	  efficiently	  active	  to	  
survey,	  monitoring	  and	  promote	  sustainable	  and	  
environmental	  friendly	  crop	  IPM	  solutions	  	  
Affordable	  fast	  IPM	  solution	  are	  investigated	  and	  
promoted	  for	  use	  by	  smallholder	  farmers	  
NARS,	  ICARDA	  and	  
regional/international	  IPM	  
partner	  
NARS	  and	  farmers	  
Community	  and	  private	  
enterprising	  are	  established	  and	  
active	  using	  economical	  and	  
ecological	  agro-­‐	  IPM	  solutions.	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Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcome	  
SC	  4	  –	  Promoting	  effective	  seed	  dissemination	  for	  better	  delivery	  of	  improved	  cultivars	  to	  smallholder	  farmers	  
OT	  5.4.1	  Suitable,	  feasible,	  adapted	  and	  accepted	  
formal	  and	  informal	  community-­‐based	  or	  private	  
seed	  production	  and	  delivery	  systems	  are	  set,	  
adopted	  and	  implemented.	  
Systems	  of	  seed	  regulations	  insuring	  basic	  quality	  
and	  benefits	  that	  would	  contribute	  to	  establishing	  
and	  consolidated	  local	  and	  national	  seeds	  markets	  
are	  investigated	  
Discussion	  and	  proposition	  of	  the	  suitable	  
significant	  systems	  suitable	  to	  one	  of	  several	  
country	  	  
Proposition	  for	  discussion	  and	  identification	  of	  a	  
consensus	  regional	  suitable	  seed	  exchange	  
mechanism	  to	  facilitated	  country	  interaction	  
within	  a	  same	  region	  and	  across	  regions.	  
ICARDA	  Seed	  Unit-­‐Relevant	  
NARS	  partner	  institution	  dealing	  
with	  seed	  production,	  seed	  
regulation	  and	  seed	  marketing	  
ICARDA	  Seed	  Unit-­‐NARS	  country	  
counterparts	  	  
ICARDA	  Seed	  Unit-­‐NARS	  country	  
counterparts	  	  
Flexible	  variety	  formal/informal	  
release	  and	  promotion	  systems	  
ensuring	  basic	  rights	  and	  
benefits	  to	  farmers	  and	  related	  
partners	  are	  implemented	  in	  
target	  country	  of	  Africa	  and	  
Asia.	  
Inter-­‐countries	  seeds	  exchange	  
mechanisms	  (at	  the	  research	  
and	  commercial	  levels	  are	  
implemented,	  	  
SC	  5	  –	  Promoting	  post-­‐harvest	  value	  addition	  and	  market	  access	  to	  enhance	  income	  of	  smallholder	  dryland	  cereal	  producers	  	  
OT	  5.5.1	  Opportunities	  to	  integrated	  small	  
farmers	  into	  added	  value	  schemes	  (local,	  region,	  
and	  national)	  schemes	  added	  value	  and	  access	  to	  
prevalent	  market	  opportunities	  
Task	  forces	  on	  post-­‐harvest	  value	  and	  market	  
access	  improvement	  are	  sets	  and	  implement	  
identified	  priorities	  at	  the	  national	  and	  regional	  
levels	  
Possible	  added	  value	  market	  niches	  are	  identified	  
and	  promoted	  specifically	  with	  smallholder	  
farmers	  
Profitable	  value	  added	  avenues	  for	  barley	  product	  
are	  identified	  of	  way	  and	  means	  of	  getting	  
farming	  communities	  using	  them	  are	  set.	  
ICARDA	  and	  NARS	  country	  value	  
chain	  and	  market,	  including	  
community	  and	  private	  operator	  
Barley	  national/regional	  uses	  for	  
feed,	  food,	  malt)	  are	  inventoried	  
and	  documented,	  their	  
standardization	  worked	  out	  and	  
the	  potential	  for	  small	  scale	  
industrialisation,	  described	  and	  
documented	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PRODUCT	  LINE	  6.	  IMPROVING	  FOOD	  SECURITY	  AND	  INCOMES	  WITH	  PRODUCTIVE,	  NUTRITIOUS	  MULTI-­‐PURPOSE	  PEARL	  MILLET	  HYBRID	  PRODUCTION	  TECHNOLOGIES	  FOR	  EAST	  AFRICA	  AND	  
SOUTH	  ASIA.	  
Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
SC	  1	  –	  Assembling	  and	  making	  accessible	  data	  and	  knowledge	  for	  better	  targeting	  of	  dryland	  cereal	  technologies	  to	  enhance	  their	  adoption	  by	  smallholder	  farmers	  
OT	  6.1.1	  Consumer	  and	  producer	  demands	  for	  
specific	  traits	  and	  trade-­‐offs	  between	  traits	  
understood,	  based	  on	  continued	  analyses	  of	  
baseline	  data	  sets,	  farmers	  evaluations	  of	  
technologies	  in	  target	  countries	  in	  SA	  and	  ESA	  
Baseline	  surveys	  of	  consumers	  and	  producers	  to	  
characterize	  crop	  traits	  completed	  (Y1,2)	  	  
Prioritization	  of	  crop	  traits	  as	  per	  market	  demand	  
synthesized	  (Y3)	  
ICRISAT,	  AICPMIP,	  NARS	  (Sudan,	  
Tanzania)	  
Breeders	  use	  results	  of	  historical	  
cultivar	  evaluation	  data	  to	  make	  
inferences	  and	  better	  plan	  pearl	  
millet	  improvement	  program	  	  
OT	  6.1.2	  Farmers,	  extension	  personnel	  and	  
private	  sector	  have	  access	  to	  a	  database	  of	  variety	  
evaluation	  results	  by	  site	  and	  year,	  in	  a	  user-­‐
friendly	  format	  for	  decision	  making	  in	  target	  
countries	  in	  ESA	  	  
Country-­‐specific	  data	  base	  for	  cultivar	  
performance	  available	  (Y2,3)	  
ICRISAT,	  NARS	  (Sudan,	  Tanzania)	   NARS	  and	  private	  sector	  have	  
access	  to	  information	  on	  hybrids	  
(country-­‐wise)	  for	  up-­‐scaling	  	  
OT	  6.1.3	  Multi-­‐media	  efforts	  to	  increase	  
awareness	  about	  available	  varieties	  of	  dry	  land	  
cereals	  and	  their	  specific	  advantages	  pursued	  and	  
evaluated	  for	  its	  effectiveness	  in	  target	  countries	  
in	  ESA	  	  
Information	  modules	  on	  crop	  production	  and	  
utilization	  developed	  (Y1)	  
Crop	  campaigns	  to	  promote	  crop	  cultivation	  
completed	  (Y2)	  	  
ICRISAT,	  NARS	  (Sudan,	  Tanzania)	   Information	  dissemination	  
networks	  increasingly	  aware	  of	  
variety	  technologies	  for	  up-­‐
scaling	  the	  identified	  
technologies	  	  
SC	  2	  –	  Developing	  improved	  dryland	  cereal	  varieties	  and	  hybrids	  for	  increased	  grain	  and	  stover	  yield,	  quality	  and	  adaptation	  in	  smallholder	  farmers’	  fields	  
OT	  6.2.1	  Genetic	  diversification	  of	  dual-­‐purpose	  
hybrid	  parents	  with	  improved	  disease	  resistance	  
for	  relatively	  better	  endowed	  agro-­‐ecologies	  in	  SA	  	  
About	  200	  dual-­‐purpose	  hybrid	  parents	  in	  diverse	  
backgrounds	  having	  resistance	  to	  downy	  mildew	  
and	  blast	  developed	  (Annual)	  
Molecular	  mapping	  of	  downy	  mildew	  and	  blast	  
resistance	  completed	  (Y2,3)	  
Marker-­‐assisted	  transfer	  of	  downy	  mildew	  and	  
blast	  resistance	  QTL	  for	  at	  least	  4	  parental	  lines	  of	  
popular	  hybrids	  completed	  (Y2,3)	  
Blast	  and	  downy	  mildew	  pathogen	  populations	  
(50	  isolates)	  characterized	  and	  new	  sources	  of	  
resistance	  (at	  least	  5)	  identified	  for	  use	  in	  
breeding	  program	  (Y1,2)	  
ICRISAT,	  AICPMIP,	  PMHPRC	   Farmers	  have	  increased	  hybrid	  
options	  for	  cultivation	  in	  better-­‐
endowed	  environment	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Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
OT	  6.2.2	  Develop	  early-­‐maturing	  hybrid	  parents	  
adapted	  to	  drought-­‐prone	  arid	  agro-­‐ecology	  in	  SA	  
At	  least	  25	  hybrid	  parents	  with	  adaptation	  to	  
drought-­‐prone	  arid	  environments	  developed	  
(Y1,2,3)	  
Mapping	  of	  drought	  tolerance;	  and	  transfer	  of	  
identified	  QTLs	  through	  marker-­‐assisted	  selection	  
in	  at	  least	  3	  hybrid	  parents	  completed	  (Y2,3)	  
ICRISAT,	  AICPMIP,	  PMHPRC,	  
CAZRI,	  IARI	  
Farmers	  have	  increased	  hybrid	  
options	  for	  cultivation	  in	  arid	  
ecology	  	  
OT	  6.2.3	  Develop	  hybrid	  parents	  for	  flowering-­‐	  
stage	  high	  temperature,	  and	  saline	  environments	  
in	  SA	  	  
At	  least	  10	  hybrid	  parents	  for	  flowering-­‐	  stage	  
heat	  tolerance,	  and	  5	  hybrid	  parents	  for	  salinity	  
tolerance	  identified	  (Y1,2,3)	  
Mapping	  population	  developed/assembled	  and	  
QTL	  responsible	  for	  flowering	  stage	  heat	  
tolerance	  and	  salinity	  tolerance	  mapped	  (Y3)	  
ICRISAT,	  AICPMIP,	  PMHPRC,	  
CAZRI,	  IARI	  
Heat	  and	  salinity	  tolerant	  
hybrids	  available	  to	  farmers	  	  
OT	  6.2.4	  CMS	  diversification	  of	  seed	  parents,	  and	  
restorers	  of	  diverse	  CMS	  systems	  developed	  in	  SA	  
At	  least	  5	  new	  A-­‐/	  B-­‐pairs	  in	  A4	  and	  A5	  CMS	  
backgrounds	  and	  their	  corresponding	  restorers	  (at	  
least	  20)	  developed	  (Annual)	  	  
	  
ICRISAT,	  AICPMIP,	  PMHPRC	   Hybrids	  in	  India	  have	  increased	  
cytoplasmic	  and	  nuclear	  
diversity	  
OT	  6.2.5	  Farmer	  and	  market	  preferred	  hybrids	  
identified	  for	  dissemination	  in	  ESA	  and	  seed	  
production	  systems	  standardized	  	  
Country	  specific	  high	  yielding	  hybrids	  identified	  
(Y2,3)	  
Country	  specific	  seed	  production	  systems	  
standardized	  (Y3)	  	  
ICRISAT,	  NARS	  (Sudan,	  Tanzania)	   Farmers	  have	  better	  access	  to	  
hybrids	  and	  seed	  production	  
agencies	  have	  access	  to	  
information	  on	  seed	  production	  
issues	  	  
OT	  6.2.6	  Superior	  high	  biomass	  hybrid	  parents	  
and	  populations	  developed	  for	  potential	  use	  in	  
forage	  and	  biofuels	  in	  Asia.	  	  
At	  least	  5	  A-­‐/B-­‐	  pairs	  and	  20	  restorer	  parents	  with	  
high	  forage	  potential	  developed	  (Y2,3)	  	  
Association	  mapping	  panel	  assembled	  and	  high	  
biomass	  and	  biofuel-­‐related	  traits	  mapped	  (Y3)	  
At	  least	  5	  high	  biomass	  populations	  and	  hybrids	  
identified	  for	  biofuel	  purpose	  (Y2,3)	  	  
ICRISAT,	  AICPMIP,	  PMHPRC,	  
CAZRI,	  IARI	  
Breeders	  will	  develop	  hybrids	  to	  
increase	  crop-­‐livestock	  
efficiency	  of	  farms	  
Farmers	  have	  option	  of	  using	  
pearl	  millet	  as	  biofuel	  crop	  
SC	  3	  –	  Integrating	  sustainable	  crop,	  pest	  and	  disease	  management	  options,	  and	  enhancing	  crop-­‐livestock	  integration,	  to	  capture	  genetic	  gains	  from	  improved	  varieties	  and	  
hybrids	  
OT	  6.3.1	  Best	  –bet	  crop	  management	  options	  
identified	  using	  large-­‐scale,	  gender	  specific,	  
farmer	  –participatory	  multi-­‐location	  testing	  
approaches	  for	  increasing	  hybrid	  productivity	  
(grain	  and	  stover)	  in	  drought	  prone	  environments	  
in	  SA.	  
Two	  best-­‐bet	  crop	  management	  options	  identified	  
for	  drought	  prone	  environments	  (Y1,2)	  
AICPMIP,	  ICRISAT	   Farmers	  have	  access	  to	  
knowledge	  on	  efficient	  crop	  
management	  practices	  for	  
increasing	  the	  productivity	  in	  
drought	  prone	  environments	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Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
OT	  6.3.2	  Sustainable	  crop	  management	  
technologies	  identified	  and	  disseminated	  to	  
farmers	  for	  diverse	  production	  ecologies	  to	  
harness	  whole	  farm	  benefits	  in	  ESA	  and	  SA	  
Crop	  management	  technologies	  identified	  and	  
disseminated	  for	  diverse	  crop	  production	  
ecologies	  (Y2,3)	  
NARS	  (Uganda,	  Tanzania),	  
AICPMIP,	  ICRISAT	  
Farmers	  practice	  best-­‐bet	  crop	  
management	  technologies	  to	  
increase	  productivity	  of	  farms	  	  
SC	  4	  –	  Promoting	  effective	  seed	  dissemination	  for	  better	  delivery	  of	  improved	  cultivars	  to	  smallholder	  farmers	  
OT	  6.4.1	  Enhancing	  the	  availability	  of	  hybrid	  seed	  
in	  arid	  environments	  through	  public	  and	  private	  
sector	  seed	  companies	  in	  SA	  	  
Platform	  of	  public	  and	  private	  agencies	  
responsible	  for	  hybrid	  development	  and	  seed	  
production	  created,	  and	  organization	  of	  meeting	  
to	  enhance	  the	  availability	  of	  hybrid	  seed	  
production	  in	  arid	  regions	  (Y1,2)	  
ICRISAT,	  AICPMIP	   Farmers	  have	  increased	  cultivar	  
options	  in	  arid	  region,	  
OT	  6.4.2	  Increasing	  the	  participation	  of	  public	  and	  
private	  sector	  in	  hybrid	  seed	  production	  and	  
dissemination	  in	  ESA	  
Public	  and	  private	  agencies	  responsible	  for	  hybrid	  
development	  and	  seed	  production	  informed	  
about	  business	  opportunities	  (Y2,3)	  	  
ICRISAT,	  NARS	  (Sudan,	  Tanzania)	   Availability	  of	  seed	  of	  identified	  
hybrids	  	  
SC	  5	  –	  Promoting	  post-­‐harvest	  value	  addition	  and	  market	  access	  to	  enhance	  income	  of	  smallholder	  dryland	  cereal	  producers	  	  
OT	  6.5.1	  Identification	  and	  upscaling	  of	  processing	  
technologies	  and	  packaging	  options	  to	  extend	  the	  
shelf-­‐life	  of	  pearl	  millet	  flour	  to	  reduce	  drudgery	  
and	  increase	  market	  value	  of	  crop	  in	  SA.	  	  
Technologies	  identified	  to	  extend	  shelf-­‐life	  of	  
flour	  to	  3-­‐6	  months	  (Y1,2)	  
Shelf-­‐life	  extending	  technologies	  (by	  3-­‐6	  months)	  
popularized	  in	  rural	  households	  and	  grain-­‐flour	  
retailers	  groups	  apprised	  (Y2,3)	  	  
AICPMIP,	  ICRISAT	  	   Increased	  participation	  of	  big	  
retailers	  in	  flour	  retail	  market	  
Drudgery	  of	  women	  decreased	  
in	  rural	  households	  	  
OT	  6.5.2	  Identify	  institutional	  arrangements	  to	  
improve	  market	  access	  of	  small	  holder	  farmers	  to	  
grain,	  fodder,	  feed,	  and	  other	  markets	  in	  SA	  
Small	  holder	  farmers	  informed	  about	  grain,	  
fodder,	  feed	  and	  other	  markets	  (Y1,2)	  
AICPMIP,	  ICRISAT	  	   Small	  scale	  farmers	  have	  options	  
of	  linking	  to	  grain	  and	  fodder	  
markets	  
Farmers	  engage	  better	  in	  crop-­‐	  
livestock	  integration	  to	  improve	  
livelihood	  	  
OT	  6.5.3	  Standardization	  of	  value-­‐added	  products	  
developed	  for	  commercialization	  of	  pearl	  millet	  
based	  food	  products	  in	  SA	  and	  ESA	  
Two	  value-­‐added	  food	  products	  identified	  and	  
their	  production	  methodology	  standardized	  (Y2,3)	  
Multi-­‐institutional	  platform	  created	  to	  promote	  
millet	  based	  health	  products	  (Y3)	  	  
ICRISAT,	  AICPMIP,	  CFTRI,	  NARS	  
(Sudan,	  Tanzania)	  	  
Consumers	  increase	  
consumption	  of	  pearl	  millet	  
based	  food	  products	  that	  are	  
now	  available	  in	  markets	  in	  
constituent	  forms	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PRODUCT	  LINE	  7.	  MULTI-­‐PURPOSE	  POST-­‐RAINY	  SEASON	  SORGHUM	  HYBRID	  PRODUCTION	  TECHNOLOGIES	  FOR	  IMPROVING	  FOOD	  AND	  FODDER	  AVAILABILITY	  IN	  THE	  DRIEST	  REGIONS	  OF	  SOUTH	  
ASIA	  
Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
SC	  1	  –	  Assembling	  and	  making	  accessible	  data	  and	  knowledge	  for	  better	  targeting	  of	  dryland	  cereal	  technologies	  to	  enhance	  their	  adoption	  by	  smallholder	  farmers	  
OT	  7.1.1	  Outreach	  strategy	  to	  create	  awareness	  
about	  improved	  cultivars	  and	  profitable	  crop	  
management	  technologies	  and	  market	  
opportunities	  	  
Agricultural	  extension	  systems	  in	  target	  areas	  
reviewed,	  key	  gaps	  identified	  and	  
recommendations	  made	  to	  improve	  the	  system	  
effectiveness	  (Y1,2)	  
Improved	  cultivars	  and	  ICM	  strategies	  for	  
enhancing	  sorghum	  productivity	  identified	  and	  
IEC	  materials	  developed	  (Y1,2)	  	  
Developed	  RLOs/web-­‐based	  information	  
repository	  on	  improved/frontier	  technologies	  for	  
dryland	  cereal	  production	  and	  shared	  on	  open	  
and	  collaborative	  mode	  (Y2)	  
Strengthened	  community	  based	  organizations,	  
NGOs	  and	  NARES	  in	  developing	  and	  producing	  












MAU,	  MPKV	  and	  UAS	  
National	  programs	  using	  the	  
outreach	  strategy	  for	  better	  
targeting	  
OT	  7.1.2	  Communication	  of	  the	  outreach	  
strategies	  developed	  above	  	  
Disseminated	  the	  outreach	  strategy	  developed	  
above	  to	  the	  stakeholders	  (Y1,2)	  
MAU,	  MPKV	  and	  UAS	   National	  programs	  using	  the	  
outreach	  strategy	  for	  better	  
targeting	  
OT	  7.1.3	  End	  market	  opportunities	  for	  post-­‐rainy	  
sorghum	  	  
Explored	  and	  identified	  end	  market	  opportunities	  
for	  sorghum	  grain	  and	  stover	  /value	  added	  
products	  (Y1,2)	  
Suggested	  the	  end	  quality	  requirement	  to	  crop	  





DSR	  and	  ICRISAT	  
National	  programs	  using	  the	  
outreach	  strategy	  for	  better	  
targeting	  
OT	  7.1.4	  Value	  Chain	  Analysis	  for	  post-­‐rainy	  
sorghum	  
Completed	  Value	  Chain	  Analysis	  for	  post-­‐rainy	  
sorghum	  (Y3)	  
ICRISAT	   National	  programs	  using	  the	  
outreach	  strategy	  for	  better	  
targeting	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Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
SC	  2	  –	  Developing	  improved	  dryland	  cereal	  varieties	  and	  hybrids	  for	  increased	  grain	  and	  stover	  yield,	  quality	  and	  adaptation	  in	  smallholder	  farmers’	  fields	  
OT	  7.2.1	  Diversified	  high	  grain	  and	  fodder	  yielding	  
varieties	  and	  hybrid	  parents	  with	  desired	  end-­‐user	  
quality	  attributes	  
Increased	  the	  variability	  in	  post-­‐rainy	  adapted	  
material	  by	  bringing	  in	  new	  material	  from	  Sub-­‐
Saharan	  Africa	  in	  the	  crossing	  programs	  and	  
advancing	  the	  segregating	  generations	  under	  
selection	  in	  India	  (Y1,2,3)	  
At	  least	  four	  improved	  sorghum	  varieties	  with	  
preferred	  grain	  quality	  traits	  and	  yield	  developed	  
(Y2)	  
Analyze	  the	  genetic	  diversity	  patterns	  of	  prior	  
studies	  combined	  with	  new	  studies	  for	  improved	  
identification	  of	  heterotic	  groups	  for	  breeding	  
hybrid	  parents	  in	  sorghum	  (Y2)	  
At	  least	  six	  improved	  hybrid	  parents	  for	  
diversification	  of	  hybrid	  breeding	  options	  for	  post-­‐














Improved	  products	  with	  farmer	  
and	  market	  preferred	  traits	  
made	  available	  to	  the	  NARS	  
OT	  7.2.2	  Varieties	  and	  hybrid	  parents	  with	  better	  
tolerance	  to	  terminal	  drought	  
At	  least	  3	  sorghum	  cultivars/hybrid	  parents	  
adapted	  to	  terminal	  moisture	  stress	  
identified/developed	  (Y2)	  
Transferred	  identified	  stay-­‐green	  QTLs	  in	  to	  two	  
elite	  cultivars	  using	  MAS	  (Y3)	  
Core	  set	  of	  genetic	  stocks	  representing	  effective	  
sources	  of	  drought	  and	  heat	  stress-­‐adaptation	  







Improved	  products	  with	  farmer	  
and	  market	  preferred	  traits	  
made	  available	  to	  the	  NARS	  
OT	  7.2.3	  Varieties	  and	  hybrid	  parents	  with	  
improved	  resistance	  to	  shoot	  fly,	  stem	  borer,	  
aphids	  and	  charcoal	  rot	  	  
Screening	  protocols	  refined	  to	  identify	  sources	  of	  
resistance	  sorghum	  aphids	  (Y1)	  	  
Hybrid	  parental	  lines	  or	  varieties	  with	  shoot	  fly	  
resistance	  identified	  and	  distributed	  to	  NARS	  (Y2)	  	  
Marker	  assisted	  transfer	  of	  specific	  shoot	  fly	  
resistance	  QTLs	  in	  to	  elite	  cultivars	  (Y3)	  	  
Hybrid	  parents	  or	  varieties	  with	  charcoal	  rot	  
tolerance	  identified	  and	  distributed	  to	  NARS	  (Y3)	  
Transgenic	  lines	  with	  resistance	  to	  stem	  borer	  










Improved	  products	  with	  farmer	  
and	  market	  preferred	  traits	  
made	  available	  to	  the	  NARS	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Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
OT	  7.2.4	  Varieties	  and	  hybrid	  parents	  with	  high	  
yield	  and	  high	  grain	  Fe	  and	  Zn	  concentration	  
Rapid	  and	  cost	  effective	  phenotyping	  tools	  for	  
assessing	  Fe	  and	  Zn	  concentration	  developed	  (Y1)	  
The	  genetic	  control	  of	  grain	  Fe	  and	  Zn	  
concentration	  in	  sorghum	  established	  (Y2)	  
At	  least	  10	  hybrid	  parents	  with	  high	  grain	  Fe	  and	  
Zn	  concentration	  identified	  and	  distributed	  to	  
NARS	  (Y2)	  
New	  hybrids	  with	  high	  yield	  and	  high	  grain	  Fe	  and	  






ICRISAT	  and	  DSR	  
	  
	  
ICRISAT	  and	  DSR	  
Improved	  products	  with	  farmer	  
and	  market	  preferred	  traits	  
made	  available	  to	  the	  NARS	  
OT	  7.2.5	  Varieties	  and	  hybrid	  parents	  with	  
enhanced	  green	  forage,	  sweet	  stalk,	  stover	  yield,	  
foliar	  disease	  and	  stem	  borer	  resistance	  and	  
quality	  for	  fodder	  and	  other	  uses	  
NIRS	  protocols	  transferred	  to	  partners	  to	  enhance	  
breeding	  programs	  for	  analyzing	  straw/stover	  
quality	  components	  (Y2)	  	  
Foliar	  disease	  resistant	  sweet	  sorghum	  hybrid	  
parents,	  varieties	  and	  hybrids	  -­‐2	  each	  for	  high	  
stalk	  and	  sugar	  yields	  and	  germplasm	  accessions	  
(3)	  for	  multi-­‐cut	  trait	  identified	  in	  SA	  from	  the	  
global	  collection	  (Y2)	  	  
Transgenic	  options	  exploited	  for	  enhanced	  sugar	  
accumulation	  and	  stem	  borer	  resistance	  (Y3)	  
High	  biomass	  sweet	  sorghum	  lines	  (3)	  
introgressed	  (to	  BC2)	  with	  low	  lignin	  bmr	  genes	  
(Y3)	  	  
Superior	  foliar	  disease	  and	  stem	  borer	  resistant	  
sorghum	  parents	  for	  total	  biomass	  yield	  and	  
















Improved	  products	  with	  farmer	  
and	  market	  preferred	  traits	  
made	  available	  to	  the	  NARS	  
OT	  7.2.6	  Heterotic	  pools	  
established/confirmed/enhanced	  for	  main	  target	  
group	  of	  hybrids	  
Analysis	  of	  genetic	  diversity	  patterns	  of	  prior	  
studies	  combined	  with	  new	  studies	  for	  improved	  
identification	  of	  heterotic	  groups	  for	  breeding	  
hybrid	  parents	  of	  sorghum	  (Y3)	  
ICRISAT	   Improved	  products	  with	  farmer	  
and	  market	  preferred	  traits	  
made	  available	  to	  the	  NARS	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Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
OT	  7.2.7	  Farmer	  preferred	  cultivars	  identified	  for	  
dissemination	  in	  target	  production	  ecologies	  
Farmers	  preferred	  sweet	  sorghum	  cultivars	  
identified	  for	  grain	  and	  stover	  through	  
Participatory	  Varietal	  Selection	  (2012-­‐13)	  
Farmers	  preferred	  post-­‐rainy	  adapted	  sorghum	  





MAU	  and	  MPKV	  
Improved	  products	  with	  farmer	  
and	  market	  preferred	  traits	  
made	  available	  to	  the	  NARS	  
SC	  3	  –	  Integrating	  sustainable	  crop,	  pest	  and	  disease	  management	  options,	  and	  enhancing	  crop-­‐livestock	  integration,	  to	  capture	  genetic	  gains	  from	  improved	  varieties	  and	  
hybrids	  
OT	  7.3.1	  Best	  bet	  practices	  for	  enhanced	  
productivity	  with	  the	  help	  of	  farmers	  in	  target	  
areas	  	  
The	  recommended	  crop	  management	  
technologies	  validated	  through	  farmers	  
participatory	  on-­‐farm	  testing	  (Y1,2)	  
A	  technical	  brochure	  of	  the	  above	  published	  and	  
made	  available	  to	  stakeholders	  (Y2)	  
Lessons	  learned	  and	  best	  practices	  for	  effective	  
large-­‐scale	  participatory	  integrated	  crop	  
management	  practices	  published,	  and	  selected	  
women	  and	  men	  farmers’	  knowledge	  in	  assessing	  
the	  cultivars	  and	  management	  practices	  enhanced	  
(Y3)	  
MAU,	  MPKV	  and	  UAS	  
	  
	  
MAU,	  MPKV	  and	  UAS	  
	  
MAU,	  MPKV	  and	  UAS	  
National	  programs	  using	  
validated	  technologies,	  
protocols	  and	  publications	  
OT	  7.3.2	  Validated	  packages	  by	  combining	  host	  
plant	  resistance	  and	  seed	  treatment	  or	  chemical	  
control	  of	  insects	  	  
On-­‐farm	  validation	  of	  recommended	  genetic,	  seed	  
treatment	  and	  chemical	  control	  options	  for	  pest	  
management	  in	  sorghum	  (Y1,2)	  
Genetic	  and	  chemical	  control	  options	  explored	  for	  
controlling	  aphids	  (Y2)	  
Development	  of	  training	  materials	  (2)	  and	  training	  
large	  number	  of	  farmers	  (>500)	  on	  managing	  
shoot	  fly	  and	  aphids	  (Y2,3)	  
MAU,	  MPKV	  and	  UAS	  
	  
	  
ICRISAT,	  MAU,	  MPKV	  and	  UAS	  
	  
MAU,	  MPKV	  and	  UAS	  
National	  programs	  using	  
validated	  technologies,	  
protocols	  and	  publications	  
OT	  7.3.3	  Genetic	  and	  management	  options	  for	  
managing	  charcoal	  rot	  
Genetic	  and	  management	  options	  explored	  for	  
managing	  charcoal	  rot	  (Y2)	  
ICRISAT,	  MAU,	  MPKV	  and	  UAS	   National	  programs	  using	  
validated	  technologies,	  
protocols	  and	  publications	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Strategic	  Component/Output	  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
OT	  7.3.4	  Drought	  management	  options	  validated	   Validating	  the	  recommended	  drought	  
management	  options	  under	  on-­‐farm	  conditions	  
(Y1,2)	  
Development	  of	  training	  materials	  (2)	  and	  training	  
large	  number	  of	  farmers	  (>500)	  on	  managing	  
charcoal	  rot	  and	  drought	  (Y2,3)	  
MAU,	  MPKV	  and	  UAS	  
	  
	  
MAU,	  MPKV	  and	  UAS	  
National	  programs	  using	  
validated	  technologies,	  
protocols	  and	  publications	  
SC	  4	  –	  Promoting	  effective	  seed	  dissemination	  for	  better	  delivery	  of	  improved	  cultivars	  to	  smallholder	  farmers	  
OT	  7.4.1.	  Innovations	  to	  strengthen	  seed	  and	  
input	  delivery	  systems	  for	  smallholder	  farmers	  
Review	  of	  existing	  informal	  and	  alternative	  seed	  
delivery	  models	  conducted	  and	  results	  made	  
available;	  and	  technically	  and	  economically	  viable	  
pilot	  village	  farmer-­‐based	  community	  seed	  
production	  and	  marketing	  enterprises	  established	  
and	  their	  sustainability	  evaluated	  each	  region	  
(Y1,2)	  
Existing	  agricultural	  input	  supply	  systems	  
(fertilizers,	  etc.)	  is	  conducted,	  results	  made	  
available	  and	  systems	  strengthened	  to	  increase	  
farmer	  access	  to	  inputs	  (Y2)	  
Assessed	  the	  efficiency	  of	  INSIMP	  (Govt.	  of	  India’s	  
input	  supply	  program)	  in	  enhancing	  post-­‐rainy	  
sorghum	  production	  (Y3)	  












Improved	  seed	  and	  information	  
systems	  made	  available	  to	  the	  
stakeholders	  
OT	  7.4.2.	  Better	  communication	  and	  knowledge	  
sharing	  options	  for	  improved	  awareness	  and	  use	  
of	  sorghum	  production	  technologies	  
Developed	  web-­‐based	  information	  repository	  on	  
agricultural	  technologies	  for	  post-­‐rainy	  sorghum	  
production	  and	  shared	  on	  open	  and	  collaborative	  
mode	  (Y1,2)	  
Market	  information	  system	  for	  agricultural	  
products	  developed	  including	  novel	  sorghum	  
products,	  agro-­‐processors,	  etc.	  (Y3)	  
Trained	  farmer	  organizations,	  NGOs	  and	  NARES	  in	  
developing	  and	  producing	  popular	  articles	  and	  








MAU,	  MPKV	  and	  UAS	  
Improved	  seed	  and	  information	  
systems	  made	  available	  to	  the	  
stakeholders	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   Lead	  institute(s)	   Outcomes	  
OT	  7.4.3	  Motivating	  private	  sector	  for	  post-­‐rainy	  
sorghum	  seed	  production	  and	  supply	  
Assessed	  the	  market	  potential	  for	  post-­‐rainy	  
sorghum	  seed	  (Y1,2)	  
Validated	  the	  locations	  and	  planting	  dates	  for	  off-­‐
season	  (summer)	  seed	  production	  (Y2)	  
Conducting	  joint	  consultation	  meetings	  and	  field	  
days	  with	  private	  sector	  partners	  to	  promote	  
private	  sector	  participation	  in	  post-­‐rainy	  sorghum	  
seed	  marketing	  (Y1,2)	  
Development	  and	  joint	  evaluation	  of	  new	  post-­‐
rainy	  hybrids	  (Y3)	  
DSR,	  Pvt	  sector,	  ICRISAT	  
	  
MAU,	  MPKV	  and	  UAS	  
	  




ICRISAT,	  Pvt	  sector,	  and	  DSR	  
Improved	  seed	  and	  information	  
systems	  made	  available	  to	  the	  
stakeholders	  
SC	  5	  –	  Promoting	  post-­‐harvest	  value	  addition	  and	  market	  access	  to	  enhance	  income	  of	  smallholder	  dryland	  cereal	  producers	  	  
OT	  7.5.1	  Improved	  processing	  technologies	  to	  
reduce	  post-­‐harvest	  losses	  and	  increase	  market	  
value	  
Available	  drying	  technologies	  evaluated	  and	  
compared	  with	  new	  innovative	  technologies	  and	  
appropriate	  technology	  shortlisted	  based	  on	  cost-­‐
benefit	  analysis	  and	  implemented	  (Y2)	  
Appropriate	  equipment	  for	  threshing,	  winnowing,	  
grading	  and	  decortication	  identified	  and	  
shortlisted,	  based	  on	  cost-­‐benefit	  analysis	  of	  
newly	  developed	  prototypes	  and	  comparison	  with	  
existing	  technologies	  (Y3).	  	  
Varieties	  with	  resistance	  to	  storage	  pets	  
identified,	  and	  other	  options	  for	  the	  management	  
of	  storage	  pests	  evaluated	  (Y3)	  









DSR,	  MPKV,	  and	  ICRISAT	  
Stakeholders	  using	  the	  value	  
addition	  technologies	  and	  
market	  access	  information	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Strategic	  Component/Output	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   Milestones	   Lead	  institute(s)	   Outcomes	  
OT	  7.5.2	  Novel	  and	  diverse	  dryland	  cereal-­‐based	  
products	  to	  stimulate	  demand	  for	  grain	  
Pre-­‐treatment	  and	  packaging	  options	  optimized	  
using	  suitable	  sorghum	  varieties	  for	  enhanced	  
shelf-­‐stable	  sorghum	  flour	  (Y2)	  
Pre-­‐treatment	  and	  food	  preparation	  methods	  that	  
maintain	  the	  nutritional	  value,	  improve	  
digestibility	  and	  reduce	  anti-­‐nutritional	  factors	  
optimized	  (Y2)	  	  
At	  least	  five	  different	  processing	  technologies	  
evaluated	  resulting	  in	  the	  standardization	  of	  at	  
least	  two	  value	  added	  food	  products	  each	  from	  
sorghum	  involving	  formulation	  optimization,	  
nutritional	  and	  sensory	  profiling	  (Y3)	  
Packaging	  technologies	  and	  labeling	  protocols	  
developed	  for	  commercialization	  of	  sorghum	  
based	  food	  products	  (Y3)	  	  
At	  least	  two	  value-­‐added	  food	  products	  based	  on	  
sorghum	  formulated	  and	  validated	  for	  retention	  
of	  activity	  of	  their	  bioactive	  components,	  under	  

















Stakeholders	  using	  the	  value	  
addition	  technologies	  and	  
market	  access	  information	  
OT	  7.5.3	  Institutional	  innovations	  to	  improve	  
linkages	  between	  smallholder	  farmers	  and	  
markets	  
Existing	  institutional	  arrangements	  linking	  small	  
holder	  farmers	  to	  grain	  and	  fodder	  markets	  
identified	  and	  documented	  (Y1,2)	  
Conducted	  survey	  of	  industries	  involved	  in	  post-­‐
harvest	  processing	  of	  sorghum	  for	  enhanced	  
market	  opportunities	  (Y2)	  
Establish	  at	  least	  one	  communication	  platform	  
that	  allows	  the	  flow	  of	  market	  information	  among	  
the	  diverse	  stakeholders	  (Y2)	  
Knowledge	  sharing	  on	  the	  functioning	  and	  up-­‐
scaling	  of	  alternative	  institutional	  innovations	  
carried	  out	  among	  all	  stakeholders	  (Y3)	  
ICRISAT,	  MAU,	  MPKV	  and	  UAS	  
	  
	  
ICRISAT,	  MAU,	  MPKV	  and	  UAS	  
	  
	  
ICRISAT,	  MAU,	  MPKV	  and	  UAS	  
	  
	  
ICRISAT,	  MAU,	  MPKV	  and	  UAS	  
Stakeholders	  using	  the	  value	  
addition	  technologies	  and	  
market	  access	  information	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  targets	   Milestones	   Lead	  institute(s)	   Outcomes	  
OT	  7.5.4	  Farmer	  organizations	  engaged	  in	  bulk	  
sales	  of	  grain	  and	  fodder	  
Developed	  linkages	  with	  the	  Farmers	  
Organizations	  in	  target	  areas	  (Y1)	  
Awareness	  on	  accessing	  larger	  markets	  for	  getting	  
higher	  price	  to	  their	  produce	  created	  (Y1,2)	  
Trained	  the	  FAs	  in	  maintaining	  the	  grain	  and	  
fodder	  quality	  enhancement	  (Y2,3)	  
Linked	  the	  FAs	  to	  grain	  and	  fodder	  markets	  (Y2)	  
MAU,	  MPKV	  and	  UAS	  
	  
MAU,	  MPKV	  and	  UAS	  
	  
MAU,	  MPKV	  and	  UAS	  
	  
MAU,	  MPKV	  and	  UAS	  
Stakeholders	  using	  the	  value	  
addition	  technologies	  and	  
market	  access	  information	  
	  
